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Abstract
Understanding the mechanisms beyond the resistance of coffee plants (Coffea spp.) to leaf rust 
(caused by  Hemileia vastatrix)  is  of vital  importance for breeding coffee varieties with durable 
resistance. However, loss of resistance due to the appearance of new rust races is occurring, but 
some genotypes are still  resistant to all  known  H. vastatrix races, such as HDT832/2.  Previous 
studies  show  that  the  resistance  to  H.  vastatrix in  this  genotype  shares  common  immunity 
components  with  the  nonhost  resistance.  454  pyrosequencing  transcriptomic  data  representing 
HDT832/2  host  and  nonhost  resistance,  along  a  healthy  plant  control,  were  analyzed  with  the 
purpose of better understanding this resistance. Expressed sequence tags (ESTs) are a very common 
and interesting solution for transcriptomic studies because they lack the non-expressed part of the 
genome. The small amount of reads generated for this project present a limitation that has not an 
established solution. To analyze this dataset, two different assembly strategies (individual assembly 
versus global assembly) and two different assemblers (Newbler versus MIRA) were used, and the 
results of all four assemblies are reported and analyzed. Assemblies were compared by assessing the 
number of transcripts shared by the three libraries, by a blast searches against NCBI nr protein and 
Coffea spp. EST databases and searching for previously studied genes. Overall the global assembly 
strategy performed better than the individual strategy, and Newbler performed better than MIRA in 
most  but  not  all  parameters.  Here  we provide  a  good  strategy  for  small  budget  transcriptome 
projects to optimize their data and we present an annotated transcriptome of coffee line HDT832/2 
resistance response to rust in host and nonhost interactions. 
Resumo
O café é um dos produtos mais importantes do mercado internacional, sendo a sua produção e 
exportação a base da economia de mais de 60 países, na sua maioria países em desenvolvimento. A 
cafeicultura  é  uma indústria  em crescimento  que  se  debate  com a  necessidade  de  aumentar  a 
produção sem fazer subir em demasia os respectivos custos. A cultura do cafeeiro (nomeadamente 
do cafeeiro Arábica, Coffea arabica) é afectada em larga escala por factores de índole fitopatológica 
que destroem ou enfraquecem as plantas. De entre estas doenças, a ferrugem alaranjada, causada 
pelo fungo  Hemileia vastatrix Berkley & Broome, é uma das mais importantes, e afecta países 
cafeicultores  por  todo  o  mundo,  gerando  perdas  de  30% se  nenhuma  medida  de  controlo  for 
aplicada. 
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H.  vastatrix é  um  fungo  biotrófico  que  depende  das  células  vivas  do  hospedeiro  para  se 
alimentar e completar o seu ciclo de vida. Apesar de o controlo desta doença ser possível por via da 
aplicação  de  produtos  fitofarmaceuticos,  os  custos  associados  são  elevados  económica  e 
ambientalmente,  pelo  que  o  cultivo  de  variedades  resistentes  é  uma  opção  com  maior 
sustentabilidade. A identificação e caracterização de populações de Híbrido de Timor (HDT, um 
híbrido  natural  entre  C.  arabica e  C.  canephora)  permitiu  a  selecção  de  plantas  com elevado 
espectro de resistência,  que foram subsequentemente utilizadas como dadoras de resistência em 
programas de melhoramento genético de cafeeiro em diversos países.
No entanto, estas resistências têm sido colocadas em causa com o aparecimento de novas raças 
do  fungo,  sendo a linha  HDT832/2,  seleccionada no Centro  de  Investigação das  Ferrugens  do 
Cafeeiro (CIFC),  alvo  de interesse  por  manter  a  resistência  a  todas  as  raças  conhecidas  de  H. 
vastatrix. Como uma das formas de resistência mais duradoura em plantas é a resistência da toda 
uma espécie de plantas a todas as variantes genéticas de um patogénio (resistência não-hospedeira) 
revelou-se importante comparar a resistência do cafeeiro a H. vastatrix (resistência hospedeira) com 
a resistência não-hospedeira, neste caso entre HDT832/2 e Uromyces vignae, o fungo responsável 
pela ferrugem do feijão-frade. 
Um estudo anterior de 8 genes rnvolvidos em mecanismos de imunidade em plantas sugere que 
a  resistência  de  HDT832/2  a  este  dois  patogénios  tem  componentes  partilhados.  Esse  estudo 
permitiu também perceber a cronologia da infecção de forma a se identificar os pontos  temporais 
com maior expressão de genes de resposta por parte da planta. Desta forma, folhas de HDT832/2 
foram inoculadas com cada fungo separadamente e, tal como uma amostra controlo, amostras de 
RNA foram recolhidas e enviadas para pirosequenciação de cDNA com a tecnologia 454. 
A analise de Expressed Sequence Tags (EST) é uma alternativa interessante no caso do estudo 
de organismos não modelo,  como o cafeeiro.  Além disso,  o facto de apenas ser sequenciada a 
porção expressa do genoma, permite que não só a quantidade de dados a analisar seja muito menor 
como  torna  possível  perceber  e  estudar  as  diferenças  de  expressão  em  condições  biológicas 
distintas. 
Visto  ser  um  projecto  de  pequena  envergadura,  o  número  de  corridas  realizadas  para  a 
sequenciação do cDNA das 3 condições em estudo foi apenas uma, o que levou a que o número de 
sequências  para  cada  condição  fosse  baixo.  Assim,  foi  necessário  estudar  a  melhor  forma  de 
assemblar  estas  sequências,  tendo  sido  estudadas  duas  estratégias  de  assemblagem  e  dois 
assembladores  diferentes.  A  diferença  entra  as  duas  estratégias  de  assemblagem  incidiu  na 
separação ou não das sequências por condição. Assim, numa estrategia de assemblagem individual, 
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cada conjunto de sequências relativas a uma condição foi assemblado apenas com sequências da 
mesma condição. Por oposição, e de forma a obter um conjunto de sequências com uma maior 
cobertura  do  transcritoma,  todas  as  sequências  originais  foram  juntas  numa  só  assemblagem, 
denomida assemblagem global. A escolha do programa para realizar a assemblagem tem também 
uma grande influencia no resultado final e por isso foram comparados os resultados do Newbler 
v2.5 e do MIRA v.2.3.0. Desta forma foram obtidas quatro assemblagens diferentes, que foram 
depois comparadas. 
Para  realizar  a  comparação,  e  na  falta  do  genoma  completo  do  cafeeiro,  foram escolhidas 
diferentes formas de análise. Uma importante característica que se espera encontrar neste tipo de 
dados é uma grande quantidade de sequências partilhadas pelas 3 condições em deterimento de 
sequências  que  apenas  apareçam  numa  das  condições.  Nas  assemblagens  globais  foi  possível 
mapear  a  proveniência  das  sequências  utilizadas  para  construir  as  sequências  finais  e  tanto  o 
Newbler como o MIRA resultaram em assemblagens onde grande parte das sequências provêm das 
três condições. No caso das assemblagens individuais, para definir que uma sequência era a mesma 
que outra de outra condição, utilizamos o resultado do mapeamento das mesmas, através de Blastx, 
na base de dados de proteínas do NCBI (nr-protein database). Aqui foi possivel observar que a falta 
de cobertura de cada um dos conjuntos de sequências de cada condição levou a um distribuição dos 
dados muito diferente da esperada. 
De  forma  a  podermos  comparar  mais  facilmente  os  dois  métodos,  as  sequências  das 
assemblagens individuais com o mesmo melhor resultado no blast contra nr foram assemblados 
juntos de forma a que, para cada assemblador, existisse apenas um conjunto de sequências para cada 
um dos métodos. Cada um desses conjuntos de sequências foi depois mapeado, atraves de Blastn, 
contra as sequências de ESTs de cafeeiro existentes na bases de dados do NCBI. As assemblagens 
globais obtiveram uma melhor performance que as assemblagens individuais, sendo que o Newbler 
conseguiu obter uma maior percentagem de sequências anotadas que o MIRA, especialmente se 
observados apenas os resultados com homologia total. 
O  estudo  da  presença  e  do  número  de  homólogos  de  10  genes  de  cafeeiro  previamente 
caracterizados  por  RT-qPCR nestas  mesmas  amostras  foi  também efectuado.  Enquanto  que  as 
assemblagens realizadas com o Newbler apenas foram capazes de reconstruir 7 dos 10 genes, a 
assemblagem Global  com o  MIRA conseguiu  reconstruir  os  10  genes.  No  entanto  o  Newbler 
consegue  reconstruir  o  gene  de  forma  completa,  sendo  que  apenas  em 3  situações  o  gene  se 
encontra divido em diferentes sequências, sendo que no entanto estas se encontram agrupadas no 
mesmo isogroup. O MIRA por outro lado tem 6 dos 10 genes repartidos por diferentes sequências,  
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sendo que muitas das vezes o mesmo gene está representado por inúmeras sequências. 
Desta  forma foi  possível  perceber  que a  estratégia  de  assemblagem global  é  melhor  que  a 
assemblagem individual das sequências, sendo o Newbler melhor que o Mira na maior parte dos 
parâmetros avaliados. Desta forma foi realizado o mapeamento das sequências dos dois programas 
na base de dados nr do NCBI, utilizando o Blastx e a sua posterior anotação com termos GO através 
do  Blast2go.  A assemblagem realizada  com o  Newbler  consegue  uma melhor  percentagem de 
sequências com resultado na base de dados nr e um maior número de sequências anotadas. 
Este  trabalho permitiu  desenvolver  uma estratégia  de assemblagem para  projectos  de baixo 
orçamento conseguirem estudar o transcritoma de uma especie não-modelo e disponibilizou, para 
futura  análise  mais  detalhada,  o  transcritoma expresso  por  folhas  de  cafeeiro  numa sitação  de 
resistência hospedeira (resistência a H. vastatrix) e de resistência não-hospedeira (resistência a U. 
vignae). 
Uma melhor forma de mapear as sequências assembladas pelo Newbler é necessária. Além disso 
a utilização combinada dos resultados dos dois assembladores pode levar a um melhor resultado 
final. Uma extensa análise aos resultados aqui reportados pode levar a uma melhor compreensão da 
resistência da linha HDT832/2 a H. vastatrix e levar a sua manutenção e manipulação futura.
Nota Prévia
A escrita desta tese de mestrado encontra-se na língua Inglesa uma vez que esta é a língua 
científica universal. Por esta razão, o conhecimento e treino da sua escrita e gramática revestem-se 
de uma importância acrescida para quem tenciona seguir uma carreira em investigação científica em 
Biologia.  A escrita  da presente tese nesta  língua representa assim um exercício apropriado que 
poder- se-á revelar proveitoso no futuro. 
No  decorrer  deste  mestrado  foram  reunidas  as  condições  para  a  escrita  de  um  artigo 
científicos a submeter a revistas internacionais, razão pela qual a presente tese foi escrita sob a 
forma de uma publicação científicas de acordo com o Artigo 4 das Regras e Recomendações Para a 
Elaboração de Dissertações de 2o Ciclo (Mestrado) do Departamento de Biologia Animal. Desta 
forma visa-se acelerar o processo de elaboração do manuscrito e sua subsequente publicação. O 
manuscrito foi escrito de acordo com as instruções para autores da respectiva revista científica a que 
se pretende submeter, seguindo as directrizes da revista “BMC Bioinformatics” . No entanto, para 
facilitar a leitura, e seguindo as normas do Artigo 4 previamente referido, as figuras e tabelas foram 
incluídas ao longo do texto. 
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As referências bibliográficas da Part 1 foram elaboradas segundo os parâmetros da revista 
científica internacional, Nature. Esta é uma das revistas mais relevantes na área da Biologia e possui 
um sistema de citações cómodo para a leitura de textos de revisão científica. Adicionando o seu 
elevado factor de impacto na sociedade científica, pareceu apropriada a escolha desta revista como 
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Coffee is one of the most consumed beverages in the world. Its production,  processing and 
commerce plays a very important role in today’s economy, especially for developing countries, as 
the  coffee  plants  (mainly  Coffea arabica and  C.  canephora,  Arabica  and  Robusta  coffee 
respectively) are grown under tropical climates. The income of several countries rely strongly in 
coffee production and factors that reduce coffee yield can be of strong impact in those economies.1
The most important disease of coffee plants is Coffee Leaf Rust (CLR), caused by the fungus 
Hemileia vastatrix Berkley and Broome, which infects leaves causing a reduction in photosynthetic 
capacity  and losses  in  the  production  of  fruits  and coffee  beans.  Although this  disease  can  be 
controlled using fungicides,  the high economic and environmental costs  of their  use makes the 
cultivation of resistant varieties a more sustainable strategy. Over the last decades, research carried 
out at the Coffee Rusts Research Center (CIFC), in collaboration with coffee research institutions 
around the world, led to the identification and characterization of the Híbrido de Timor populations 
(HDT, a natural hybrid between C. arabica and C. canephora) showing resistance to all known H. 
vastatrix races, which subsequently were used as donors of resistance genes in coffee breeding 
programs2,3.
However, the loss of some of those resistances due to the constant appearance of new rust races 
raised  the  need  to  better  understand  the  durability  of  such  resistances.  Unlike  other  HDT 
populations, the line HDT832/2 is still resistant to all known H. vastatrix races, suggesting a higher 
durability of its resistance to rust. One of the most durable forms of disease resistance is non-host 
resistance, i.e., the resistance shown by an entire plant species to all genetic variants of a pathogen 
species4,5. In such context, a research project was delineated aiming to compare the resistance of 
HDT832/2 to H. vastatrix to the non-host resistance of HDT832/2 to Uromyces vignae, the fungus 
responsible  for  cow-pea  rust.  Results  concerning  the  cytological  responses  and  the  expression 
profiles of eight genes involved in plant immunity mechanisms suggest that the host and nonhost 
resistance  reactions  of  HDT832/2  to  these  rust  fungi  share  common  immunity  components6. 
Further, this study revealed a chronology of events that enabled the identification of time points for 
more detailed analyzes.  As a  consequence,  samples of HDT832/2 inoculated with each fungus, 
along  with  a  non-inoculated  control,  were  collected  and  compared  using  large  scale  454 
pyrosequencing of cDNA derived from RNA extracted from such samples.
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In the absence of genome sequence information for non-model organisms, like Coffea spp., the 
analysis of expressed sequence tags (EST) is a practical approach to the study of the functional 
genome. Without the large non-coding regions, ESTs become easier to analyze maintaining an high 
functional information content and have already been useful to gene annotation and discovery in 
coffee7.  Because only the expressed sequences are  represented in  ESTs this  technology is  very 
useful to study genes differentially expressed in various biological conditions, like the ones in study 
here.  Analyses of transcriptome data from 454 pyrosequencing has not  a perfect  solution,  with 
many software and strategies available. The ability to get useful results with few data in a non-
model organism is another problem that today's bioinformatics have to deal with.
Based on a biological dataset that aim to deepen the knowledge on the mechanisms of coffee 
resistance to leaf rust, the present work compares two commonly employed  assemblers for 454 
pyrosequencing  data  as  well  as  two  assembly  strategies  in  order  to  better  understand  how to 
manipulate these analytical tools in order to optimize the quality of the assembled data.
Before presenting this work a brief introduction is made about the biological system and some 
uncommon technical aspects from the software used. 
1. The coffee-rust biological system
1.1 Coffee
Originated in Africa, the genus Coffea (family Rubiaceae) contains over 103 species8,9, among 
which  C.  arabica (Arabica  coffee)  and  C.  canephora (Robusta  coffee)  are  the  most  widely 
cultivated, mostly in tropical and subtropical regions in South and Central America, Africa and 
Asia.
C.  arabica  typically  grows  at  altitudes  of  1600-2800m,  with  little  seasonal  temperature 
fluctuations (20º-28ºC), and a well distributed rainfall (1600 - 2000mm) with a dry season lasting 3-
4 months 10 and has a lower caffeine content.11   C. canephora grows at up to 1200m, with very little 
seasonal temperature fluctuations (24º-26ºC), and rainfall higher than 2000 mm distributed over a 
9-10 month period 10 and produces coffee with a higher caffeine content 11. 
The coffee domestication and cultivation is recent and has endured several genetic bottlenecks, 
which strongly narrowed down the genetic diversity of plants in cultivation throughout the world, 
with obvious consequences on the emergence and spread of diseases12-14.
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1.2 Hemileia vastatrix and coffee leaf rust
Hemileia vastatrix  is  a  basidiomycete fungus from the order 
Pucciniales (rusts), the causal agent of coffee leaf rust. It infects 
the  lower  surface  of  coffee  leaves,  causing  chlorosis  and 
originating orange pustules  of uredosporic  sori  15 (Figure 1). 
This leads to premature fall of leaves, reduced photosynthetic 
capacity  and,  year  by  year,  reduces  the  the  tree  vigor, 
eventually leading to death.
H. vastatrix was  first  recorded in  1861 in  the Lake Victoria 
(East Africa) and the first major coffee leaf rust outbreak occurred only eight years later, in Sri 
Lanka, subsequently spreading to virtually all coffee growing regions in the world15. 
H. vastatrix is a biotrophic fungus, taking nutrients from living host cells. The disease cycle 
begins with the germination of the spore (named uredospore) on the lower surface of a coffee leaf 
by forming a germ tube and differentiating a dome-shaped structure named appressorium over the 
stoma. The fungus then penetrates the host through the stoma forming a penetration hypha that 
grows into the substomatal chamber, produces two thick lateral anchor-shaped branches, which in 
turn differentiate into a haustorial mother cells (HMC) that give rise to a haustoria, which primarily 
infect  the  stomatal  subsidiary  cells.  The  fungus  continues  it  growth  with  formation  of  more 
intercellular hypha, including HMCs, and a large number of haustoria in the cells of the spongy and 
palisade parenchyma,  reaching the end of  the cycle  when a uredosporic  sorus  protrudes  like a 
“bouquet” through the stoma, releasing the uredospores to initiate a new cycle16 . 
1.3 Plant-pathogen interactions and coffee resistance to rust
Plants  are  generally  resistant  to  most  pathogens.  Plants  are  capable  to  recognize  potential 
invading  pathogens  and  have  developed  various  elaborate  defense  mechanisms.  Nevertheless, 
pathogens  have  developed  strategies  to  compromise  plant  resistance  mechanisms,  in  an 
evolutionary constant evolutionary dialog. A first line of plant defense works by the recognition of 
common  microbial molecules (Pathogen-Associated Molecular Patterns, PAMPs) by receptors that 
lead to PAMP-Triggered Immunity (PTI)17,18. The evolutionary response of pathogens to avoid this 
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Figure 1 – Coffea arabica leaves 
infected with rust (Hemileia  
vastatrix)
defense  (production  of  virulence  effectors)  lead  plants  to  develop  effector-triggered  immunity 
(ETI)17,19 , that consist in special resistance proteins that recognize the virulence effectors. The PTI 
usually  include activation of mitogen-activated protein kinase signaling cascades,  production of 
phytohormones  and  anti-microbial  compounds,  transcriptional  induction  of  pathogenesis-related 
(PR)  genes  and  callose  deposition19,20.  Some  of  these  responses  are  also  associated  with  ETI, 
including the hypersensitive response (HR), a rapid plant cell death accompanied by the restriction 
of pathogen growth21. In the case of resistance to haustorium-forming specialized pathogens like 
rust fungi, nonhost resistance is usually expressed before haustorium formation (prehaustorial or 
penetration  resistance)5,22,  while  host  resistance  is  expressed  after  the  formation  of  the  first 
haustorium (posthaustorial), often in the form of the HR of the invaded cell, and prehaustorial signs 
are rare.
Coffee  resistance to  rust  (host  specific  resistance),  which  is  governed by the  gene-for-gene 
theory3,  is  more  frequently  posthaustorial1 but  some  coffee  genotypes  present  prehaustorial 
resistance23,24, although in both cases it is related with HR1,24. Cytological analysis of HDT832/2 
resistance response to  H. vastatrix showed the growth of the pathogen was mostly arrested after 
stomata  penetration,  inducing  a  hypersensitive-like  reaction  and  phenol  accumulation.  Similar 
observations  were  recorded  in  the  nonhost  response  to  U.  vignae.  In  both  interactions,  the 
expression  profiles  of  receptor-like  kinase and  wrky1 genes  suggested  that  fungal  recognition 
occurred  during  the  formation  of  appressoria  and  differentiation  of  the  first  post-penetration 
structures, the activation of  13-lipoxygenase coincided with the onset of cell death detection and 
activation of pr1b gene suggests a possible involvement of the salicylic acid pathway in coffee-rust 
interactions, as discussed by Diniz et al.6. In fact, the two-peak profile recorded for most genes by 
Diniz et al.6 in the host interaction suggested the occurrence of two levels of response, the first 
coinciding  with  appressoria  formation  and  the  second  coinciding  with  the  formation  of  post-
penetration infection structures. Unlike  U. vignae,  H. vastatrix was able to form a few haustoria, 
which were encased with callose, suggesting a third level of resistance responses.
3. 454 pyrosequencing analysis
3.1 The method
The technology used to sequence coffee transcriptome is developed by 454 Life Sciences, a part 
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of Roche, and is fundamentally different from the Sanger sequencing because it uses pyrophosphate 
release to detect base incorporation. Because no product separation by size is required the base 
incorporation can be detected in real time. First a emulsion-phase PCR is used to amplify randomly 
sheared DNA fragments linked to beads. These beads are then immobilized in a 1.6-million-well 
picoliter plate, and the release of pyrophosphate enables the detection of nucleotide addition25.
3.2 Data analysis
The  results  from a  454 pyrosequencing  run  are  small  reads  of  cDNA, with  quality  values 
associated to each base. These reads are then assembled together in order to form contigs, that will 
represent the transcripts presents in coffee transcriptome. This assembly process was made, in this 
work, by two programs, MIRA v.2.3.026,27 (MIRA) and Newbler v2.5.3 28 (Newbler). Both of them 
use the Overlap-Layout-Consensus strategy, but Newbler split reads to form contigs, while MIRA 
kept the reads intact. Newbler had the best result in previous works and have unique features 29, and 
MIRA is a standard assembly program that use less stringent parameters than Newbler by default.
3.3 Newbler assembler
Newbler,  with  the  -cdna option,  will  run  an  assembly  that  tries  to  address  and correct  the 
problems of assembling transcriptomic data.  In the begining of the assembly, Newbler scans the 
input  file,  performs  some  checks  and  trims  the  reads  (sometimes  more  than  the  base-calling 
software already did). One of the checks is for possible 3′ and 5′ primers: if a certain percentage of 
reads contains the same sequence on either the 3′ or 5′ end, these reads are trimmed. This leads to a 
different input for Newbler and MIRA, as shown in the paper bellow. The first phase of assembly is 
finding overlaps between reads. Newbler splits this phase in one for long reads (which works very 
fast) and shorter reads (which can take quite some time). As aligning all reads against each other  
would take too much time, Newbler actually make seeds, 16-mers of each read, where each seed 
starts 12 bases upstream of the previous one. When two different reads have identical seeds the 
program tries to extend the overlap between the reads until the minimum overlap (default 40 bp) 
with the minimum alignment percentage (default 90%) is reached. When reads overlap, they can be 
used to generate consensus contigs. Because reads are not exactly equal, the contig sequence is 
based on a consensus estimate. That way a contig graph is created, as shown in Figure 2, where the 
reads are mapped to the the probable contigs and, because reads can be split between contigs, the 
result assembly will be a complex graph with nodes linking different contigs (Figure 2). The actual 
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assembly will be a set of graphs like Figure 2. One important thing to remember is the fact that this 
are semi-oriented graphs (e.g. we can make the following paths, 1-3, 2-3, 3-1, 3-2 but we can not 
make 1-3-2 or 2-3-1). 
This  result  will  be used to  build the 
isotigs and isogroups, the unique features 
from  Newbler.  These  new  features  are 
Newbler's  representation  of  a  transcript 
and a genomic region.  Ideally,  the reads 
coming  from  the  transcript  of  a  certain 
gene  should  result  in  a  single  contig. 
However, because of splice-variants (and 
other sequence particularities), there may 
be  several  contigs  for  each  transcript, 
which themselves form a small contig graph. Splice-variants will result in reads that, relative to 
other reads, have an insert (representing an additional exon in the transcript), thereby breaking the 
contig graph (Figure 3).
Each one of the previously built graphs represent one gene, called in Newbler nomenclature an 
isogroup.  After  defining  isogroups,  Newbler  will  work  with  each  one  separately.  To  define  a 
transcript variant, Newbler tries to find paths in the isogroup graph. The path finder algorithm can 
only use each contig limit once, respecting the semi-oriented rule as explained above. Each one of 
these paths will be an ordered set of contigs, linked by the reads they shared and their sequence will  
form the isotig sequence (Figure 3). 
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Figure 2 - Newbler assembly graph
Figure 3 – Newbler output: graphic representation
3.4 MIRA assembler 
For EST assemblies,  Mira will start the assembly by comparing every read with every other  
read (and its reversed complement) using the SKIM algorithm30 and the DNASAND algorithm31 to 
detect potential overlaps. As a result of this first scan, a table containing information on potential  
overlaps  of  all  of  the  fragments  is  generated.  The  direction  of  the  potential  overlap  (forward-
forward or forward-complement) and the approximate offset is also stored.
Next potential overlaps found during the scanning phase are examined with a banded Smith-
Waterman-based algorithm for local alignment of overlaps that take in account that regarding the 
fact that today's base callers have a low error rate, the block-indel model does not apply to the 
alignment of EST-sequencing data. After that two scores are calculated with the Smith-Waterman 
weight matrices (the expected score and the computed score) for every overlap of two sequences, 
and  the  ratio  between  them  is  calculated.  The  sequence  alignments  that  pass  a  configurable 
threshold go for the next phase.
One or several graphs are build using the reads as nodes and their overlaps as edges. An edge 
weight is computed and only edges with an weight above a threshold are maintained. The building 
of contigs is the next step, and MIRA uses a Pathfinder and a Contig Interaction object. First the 
Pathfinder will choose where to start and present the read to the Contig object that will accept or 
reject the read for this alignment. When the pathfinder has no possibilities left to add unused reads 
to the actual contig, it will search for a new starting point and the loop continues until all reads are 
in contigs or fail to be accepted.
An automatic editing phase is then run for dealing with possible base-call errors that might be 
present in reads, and which introduce discrepancies or misassemblies in the assembly. In this phase 
MIRA will search for SNPs and will dismantle every contig that has one and in the subsequent 
reassembly  no  discrepancy  in  alignments  implicating  these  bases  will  be  allowed,  and  hence, 
misassemblies of ESTs with different SNP bases are prevented.
A read extension step is then performed to extend the high confidence regions (HCR) in reads in 
an iterative way. After that the assembly restarts by performing all the previous steps with the new 
information discovered in the data (like SNPs and extended HCRs).27
3.5 Blast2GO annotation step
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Another non-intuitive step of my analysis was the GO annotation performed by blast2go32-34. 
After the blast search, each sequence has a number of hits, each one with its sequence similarity 
level, and a set of potential GO terms will be defined for that sequence. After that, an annotation 
rule (AR) is applied and only the the most specific annotations with a certain level of reliability are 
chosen32.  For each candidate GO an annotation score (AS) is computed. The AS is composed of 
two additive terms. The first,  direct term (DT),  represents the highest hit  similarity of this GO 
weighted by a factor corresponding to its EC. By employing ECs, B2G promotes the assignment of 
annotations with experimental evidence and penalizes electronic annotations or low traceability. 
The EC weights have been taken following recommendations of the GO Consortium and can be 
modified if desired. The second term (AT) of the AS provides the possibility of abstraction. This is 
defined as annotation to a parent node when several child nodes are present in the GO candidate 
collection. This term multiplies the number of total GOs unified at the node by a user defined GO 
weight factor that controls the possibility and strength of abstraction. Finally, the AR selects the 
lowest term per branch that lies over a user defined threshold. In an analytical form, DT, AT and the  
AR terms are defined as follows32:
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Understanding the mechanisms beyond the resistance of coffee plants (Coffea spp.) to leaf rust 
(caused by  Hemileia vastatrix)  is  of vital  importance for breeding coffee varieties with durable 
resistance. However, loss of resistance due to the appearance of new rust races is occurring, but 
some genotypes are still resistant to all known races, such as HDT832/2. Previous studies show that 
rust resistance in this genotype shares common immunity components with the nonhost resistance. 
454 pyrosequencing transcriptomic data representing HDT832/2 host and nonhost resistance, along 
with a healthy plant control, were analyzed with the purpose of better understanding this resistance. 
However, the small amount of reads generated for this project presents a limitation that has not an 
established solution. To analyze this dataset, two different assembly strategies (individual assembly 
versus global assembly) and two different assemblers (Newbler versus MIRA) were used, and the 
results of all four assemblies are reported and analyzed. Assemblies were compared by assessing the 
number of transcripts shared by the three libraries, by a blast searches against NCBI nr protein and 
Coffea spp. EST databases and searching for previously studied genes.
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Results 
With  3  different  biological  conditions,  we had  877790 sequence  reads  to  assembly.  Our  4 
different assembly strategies resulted in 22447 contigs in the Newbler individual assembly, 74096 
contigs in MIRA individual assembly, 18892 contigs in Newbler global assembly and 60416 contigs 
in MIRA global assembly. Newbler assemblies produced contigs with an higher homology with 
NCBI's  Coffea  spp. ESTs than MIRA. Comparing assembly strategies for the same software, the 
global assembly strategy performed better than the individual strategy. In MIRA global assembly, 
we found homology with 10 out of 10 previously studied genes, while Newbler fail to recreate 3 of 
them (with  both  strategies)  and  MIRA individual  assembly  only  recreate  6  of  them.   80% of 
Newbler global assembly had homology to NCBI non-redundant protein database, while only 67% 
of  MIRA global  assembly  present  homology  with  the  same database.  From these  hits  the  GO 
ontology annotation was performed and 67% of Newbler global contigs and 59% of MIRA global 
contigs were annotated. 
Conclusions
Overall the global assembly strategy performed better than the individual strategy, and Newbler 
performed better than MIRA in most but not all parameters. Here we provide a good strategy for 
small  budget  transcriptome  projects  to  optimize  their  data  and  we  present  an  annotated 
transcriptome of coffee line HDT832/2 resistance response to rust in host and nonhost interactions. 
Background
Coffee  Leaf  Rust,  caused by the  fungus  Hemileia  vastarix,  is  the  most  problematic  coffee 
disease and occurs in almost all regions were coffee (Coffea spp.) grows, leading to social  and 
economic  problems[1].  The  most  sustainable  disease  control  strategy  is  the  cultivation  of  rust 
resistant varieties. Descents of the Híbrido de Timor (a natural hybrid between Coffea arabica and 
C. canephora), showing a broad spectrum of resistance, have been used as resistance donors in 
coffee breeding programs in different countries. However, the loss of some of those resistances due 
to the constant appearance of new rust races raised the need to better understand and characterize 
the nature of the resistance found in genotypes that still exhibit resistance to all known H. vastatrix 
races, such as the line HDT832/2 developed at the Coffee Rusts Research Center (CIFC/IICT) [2].
In the absence of genome sequence information for non-model organisms, like Coffea spp., the 
analysis of expressed sequence tags (EST) is a practical approach to the study of the functional 
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genome. Without the large non-coding regions, ESTs become easier to analyze maintaining an high 
functional information content and have already been useful to gene annotation and discovery in 
coffee[3]. Because only the expressed sequences are represented in EST's this technology is very 
useful to study genes differentially expressed in various biological conditions, like the ones in study 
here. Analyses of transcriptome data from 454 pyrosequencing has not a perfect solution, with many 
software and strategies available. The ability to get useful results with few data in a non-model 
organism is another problem that today's bioinformatics have to deal with.
Next-generation  sequencing  technologies  like  454  pyrosequencing  use  massive  parallel 
sequencing techniques that need only a fraction of the time and money necessary to do a Sanger 
sequencing  [4,  5].  For non-model organisms usually the 454 pyrosequencing is used instead of 
Illumina  SOLEXA and  ABI  SOLiD  because  454  has  longer  reads  that  facilitate  the  de  novo 
assembly. In this work we will use 454 pyrosequencing data to characterize the resistance of Coffea 
spp. HDT832/2 to Hemileia vastarix (host resistance) in comparison to the resistance to Uromyces  
vignae that infect cowpeas (nonhost resistance), using healthy leaves as control.
Because we did not have the possibility to use one 454 run for each condition, all the conditions 
were sequenced in the same run, which lead to low coverage and low number of reads for condition. 
That  is  a  major  problem to  de novo  assembly of  454 data  and could lead to  incorrect  results. 
Because there is no ideal strategy to deal with this problem we have test several solutions. We tested 
two different assemblies methods and two different assembly softwares. We test if gathering all 
reads from the whole run in one single dataset and assembled this new dataset as one performs 
better  than  separated  assemblies  of  each  dataset.  This  was  done  in  other  studies  but  here  we 
compare it with the separate assembly and we use the origin of the reads to try to identify important  
transcripts  related  to  resistance  to  H.  vastarix. We  evaluate  the  performance  of  two  different 
assemblers,  Newbler  v2.5[5] (Newbler)  and  Mira  v.2.3.0[6,  7] ,  two  of  the  best  performed 
assemblers[8], for both assembly strategies, resulting in four different assemblies. To evaluate the 
quality of these assemblies we used blast searches in available Coffee ESTs to compare our results 
with previous works. We also used blast searches in the NCBI non-redundant protein database to 
compare  gene  annotation  and  we  searched  a  previous  study  set  of  genes  involved  in  this 
resistance[2] .
Methods
Experimental design, RNA isolation and 454 pyrosequencing
Following  the  results  of  previous  RT-qPCR studies  on  several  genes  involved  in  pathogen 
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recognition,  signaling and defense responses[2], HDT 832/2 leaves inoculated with  H. vastatrix 
(pooled sample H) or with  U. vignae (pooled sample U) were harvested 21 and 24 hours after 
inoculation (hai) or 9 and 12 hai respectively. The control (pooled sample C) was composed of 
uninoculated  leaves  kept  for  9,  12,  21  and  24  hai  under  similar  incubation  conditions  as  the 
inoculated samples.  Pooled  samples  were  only established after  RNA extraction,  by combining 
equal amounts of RNA. Samples were immediately frozen by immersion in liquid N2 and stored at 
-80ºC.
Total RNA was extracted from frozen coffee leaf samples using the RNeasy Plant Mini kit 
(Qiagen, Germany), with addition of an in-solution DNase I digestion, according to Appendix E of 
the RNeasy Plant  Mini  kit  manual.  Only RNA samples with 260 nm:280 nm wavelength ratio 
between 1.9 and 2.1 and 260 nm:230 nm wavelength ratio greater than 2.0 before and after DNase I 
digestion,  were  used  for  cDNA synthesis.  The quality  and concentration  of  RNA samples  was 
assessed  by capillar  electrophoresis  (Agilent  2100 Bioanalyzer,  Agilent  Technologies,  USA).  A 
control PCR was run on extracted RNA samples to check for the absence of genomic DNA with 
cytochrome b gene primers, as previously described[2] . Composite samples (pooled samples C, H 
and U) were then established by combining 500 ng of total RNA from each individual sample. 
Using the  SMARTer  Pico PCR cDNA Synthesis  Kit  (Clonetech,  USA),  first-strand cDNA was 
synthesised using the 3’ SMART CDS Primer II A and SMARTScribe Reverse Transcriptase (as 
detailed in the kit manual) and cDNA was amplified with 20 amplification cycles using 5’ PCR 
Primer II A and Advantage 2 Polymerase Mix (as detailed in the kit manual). Amplified cDNA was 
purified using the Nucleospin Extract II kit (Macherey-Nagel, Germany) and evaluated by 1.2% 
agarose gel electrophoresis and spectrophotometry (Nanodrop 2000, Thermo Scientific, USA). A 
total of 20 µg cDNA (approximately 200 ng/µl) for each sample was sent for 454 pyrosequencing 
(Genome Sequencer  FLX Titanium System) at  Beckman Coulter  Genomics  (USA).  The results 
from the pooled samples are named Ca_C, Ca_H and Ca_U respectively. All reads, assemblies and 
scripts generated and used in this study are available upon request to the corresponding author.
Data Preprocessing
To extract the fasta file with read sequences and quality values for MIRA we used sff_extract  
(v0.2.8) utility by Jose Blanca and Bastien Chevreux, with the minimum left clip option necessary 
to not raise any warning from repeated sequence. In Ca_C and Ca_H we used min_left_clip=41, 
and in Ca_U we used min_left_clip=40.
After that we used SeqClean[9] to trim vector sequences and to remove poly-A tails. We used 
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UniVec database dated from 16-11-2010 and the default parameters from SeqClean.
Assembly
Mira (v2.3.0) has many options that affect the quality and output of the assembly. There are a 
number of switches that should be chosen in the case of our data (454 data from ESTs with no 
genome  information).  We  used  --job=denovo,est,accurate,454  --notraceinfo 
COMMON_SETTINGS -GE:not=1 454_SETTINGS -CL:cpat=0.  We used the –notraceinfo and 
-CL:cpat=0 option because we already used SeqClean to trim the reads and cut poly-A. The number 
of treads was just 1 to make the assembly reproducible. 
A set  of  test  assemblies  was  launched  with  the  same 4  set  of  parameters  as  in  the  script 
parameterize_assembly (we tested with the parameterize_assembly_mira3_no_nfs.conf parameters) 
from Papanicolaou et al.  [10]. We used the dataset Ca_C because this is the one with fewer reads 
and was our control sample, therefore less likely to contain non-Coffea transcripts. That way we 
have 5 parameter sets that use the parameters described above (with the change of accurate to draft) 
plus these modifications:
– default: no modifications
– teste 1: -AL:egp=no
– test 2: -AL:egp=no:bip=20:bmax=120:mo:10
– test 3: -AL:egp=no:bip=20:bmax=120:mo:10 -SK:nrr=15
– test 4: -AL:egp=no:bip=20:bmax=120:mo:10 -SK:nrr=7
We them used a blastn search to map the results of these 5 different assemblies to NCBI Coffea 
spp. ESTs database collection with the script analyse_assembly.pl from  Papanicolaou et al. [10].
Newbler  use  the  SFF  file  directly  and  was  run  with  -cda  option  (to  perform  a  de  novo 
transcriptome assembly) and the -ace option to have the ace output. The output of newbler was, in 
addition to an ace file with all the isotigs and contigs not in isotigs, fasta files with isotigs, contigs 
quality values and more assembly statistics. 
The assembly was done in 4 different ways:
– Newbler assembly:8
– each dataset assembled separated (the output used are the contigs)
– all datasets assembled together (we used separately both contigs and the isotigs/contig)
– Mira assembly:
– each dataset assembled separated
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– all datasets assembled together
With both assemblers the all datasets together strategy produce contigs built with reads from the 
different datasets. To map which datasets contribute with reads to build each contig a Python script 
was used that read the information available from each assembly output. In Newbler assemblies all 
contigs are used and the results for the isotigs approach are based on the sum of isotigs and contigs 
not in isotigs. In Mira assemblies we use all contigs and singlets. The minimum length of contig for 
both assemblies was set to 40bp.
Blast and annotation
To  better  understand  the  results,  we  used  the  popular  program  BLASTxVersion: 
1:2.2.21.20090809-1 [11, 12] (e-value of 10-5) to map the results from different assembly strategies 
to  NCBI's  non-redundant  protein  sequences  database  (version from 19-07-2011).  To see  if  our 
results are similar to other ESTs from Coffea spp. we used blastn to map our reads to NCBI's Coffea 
spp. ESTs database.  The results were analyzed by a series of Perl and Python in-house scripts to 
summarize  interesting  statistics.  Assignment  of  GO  ontologies  was  made  using  Blast2GO[13, 
14]with the results of blastx with the default parameters. The GO ontologies were reduced using 
GO-slim classification to plants and the enrichment of groups were tested using the Fisher's Exact 
test (provided in Blast2GO options).
We also search for 10 previously studied genes[2] in our database using a blastn search of these 
genes against each assembly (e-value threshold of 10-5). 
All analysis were run in a server with the following characteristics, DELL Power Edge R710, 
CPU: 2x Intel Xeon E5520, RAM: 64Gb, HD: 2x 500Gb (RAID1) + 3x 1Tb (RAID5), Ubuntu 
server 10.04 LTS (Canonical).
Results and Discussion
Data Statistics and Preprocessing
We have 3 datasets from the 3 different conditions in study with a total of 877790 reads with 
253825623 bases. Table 1 summarizes the results from sequencing and the preprocessing stage.
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Table 1 Preprocessing results. SeqClean and Newbler clean up algorithm results
Dataset Number  of 
reads
Number  of 
Bases
Number  of 
reads  used 
by Newbler
Number  of  bases 
used by Newbler
Number  of  reads 
after SeqClean
Ca_C 239834 68521861 200614 61150385 235558
Ca_H 273665 80954926 231849 72867043 269846
Ca_U 364291 104348836 311325 94710248 360753
Total 877790 253825623 743788 228727676 866157
SeqClean  was  more  permissive  than  Newbler  preprocessing  algorithm,  with  approximately 
more 120000 reads used by MIRA them by Newbler.
MIRA results as a function of setting parameters
The 5 different draft assemblies done to test for the better parameters of MIRA produced very 
different results. All of them have much more contigs than Newbler for the same dataset.
Table 2 Statistics of  MIRA assemblies. DB stands for Coffea spp. ESTs from NCBI
Assembly e-value # contigs # hits in DB % of DB identify % redundancy
Default e-05 20328 85467 59 36
Test 1 e-05 16946 82970 57 26
Test 2 e-05 17101 83412 57 45
Test 3 e-05 18289 83340 57 54
Test 4 e-05 19676 83352 57 63
Default 0 20328 47027 32 20
Test1 0 16946 45306 31 13
The default assembly was able to identify the higher number of different hits in the database. 
Test 2, test 3 and test 4 identified a lower number of DB hits than the default and had an higher  
redundancy and so all of them performed worse than the default parameters. Test 1 had a lower 
number of hits but present eda much lower redundancy level than the default. With more stringent 
blast parameters (e-value of 0) the default assembly continues to perform better than test 1 in the 
number of hits and because of that was chosen as the MIRA set of parameters.
Assembly statistics
We used 4 different strategies to assemble our data. First we tried to assemble each dataset 
separately with Newbler and with MIRA (Table 2). MIRA resulted in a total 74096 contigs for all 
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datasets, 3x more contigs than Newbler (22447). As expected of this huge difference in contig count 
MIRA contigs  have  a  lower  mean  coverage  than  Newbler's  (3x  less  coverage).  This  could  be 
explained by the higher number of reads used by MIRA, 1.2x more than Newbler, or by the choice 
of MIRA parameters. Nonetheless even the assembly that output the lower number of contigs in the 
previous step  have 2.9x more contigs than Newbler, suggesting that the difderence in used reads 
and in the alignment algorithm should be the cause of this.
Merging the 3 datasets together and assembling them as one we find that the number of contigs 
is less than the sum of the results from the separated assemblies (in MIRA 74096 vs 60416 and in 
Newbler 22447 vs 22166).  This is  expected as many contigs should be shared in the 3 dataset 
resulting in the assembly of their reads in the same contig in the merged assembly. As expected, in  
the merged assembly the coverage is higher than in the individual assemblies. 
Table 3 Statistics for all assemblies









Individual Ca_C 20328 624 3479 573.1 4.0
Ca_H 23114 667 3175 617.0 3.7
Ca_U 30654 629 4251 580.7 4.1
Total 74096
Global 60416 680 4484 613.5 4.8
Newbler
Individual Ca_C 5869 761 5457 611.9 11.3
Ca_H 7278 778 5033 607.1 11.0
Ca_U 9300 780 4133 616.5 11.7
Total 22447
Global All together 22315 871 5710 645.6 14.5
All together 
Isotigs
18892 1271 14977 968.0 -
Data Distribution
Our data came from the same species, in 3 different conditions. Because of this we expect that 
the majority of our contigs are shared between the datasets and only a handful of them to be unique 
to each condition. To test this in the individual assemblies we used blastx to map our contigs to 
25
NCBI's non-redundant protein database (nr) and used the best hit (defined by the hit with the higher 
score) as the reference point. Newbler and MIRA show a similar percentage of sequences with blast 
hit (41% for Newbler and 40% for MIRA).
Figure 1 and 2 show that a great percentage of contigs are unique in each dataset, using Newbler 
or MIRA (only 13% in MIRA and 15% in Newbler are  shared in all  3 datasets).  Because this 
problem appeared in both assemblies the cause should not be derived from the assembler software, 
but more likely from the low number of reads for condition. This suggests that the coverage of our 
sequencing was low and may have lead to an incomplete view of the transcriptome space and lead 
to the low number of shared contigs in the results. To address this we tried a different approach, 
combining all dataset in one and assembly them. After that we classified each contig based on the 
provenience of the reads it contains.
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Figure 1 Comparison between blast best hit 
result from Newbler assemblies (individual 
assembly). Each hit is count only once. 





















Figure 2 Comparison between blast best hit 
result from MIRA assemblies (individual 
assembly). Each hit is count only once.  Number 


















Mira assembly – 
24043 hits
This approach lead to a much more expectable result (Figure 3). This time MIRA and Newbler 
had an higher percentage of shared contigs for all datasets (33% and 90% respectively). The great 
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Figure 3 Left: Comparison of reads origin for Newbler assembly. Right: Comparison of reads 







































Figure 4 Comparison of reads origin for Newbler assembly, using isotigs. Numbers represent 




















difference in both assemblies could be explained by the different way they handle reads. While 
MIRA maintain read integrity Newbler split reads between contigs leading to an higher degree of 
mixing between the datasets. Since Newbler has a cluster algorithm that tries to recreate the original 
transcript (called isotig) from where each contig come (and use this split reads to build it) we use 
the isotigs result  instead of the contigs to continue our analysis, naming them contigs for ease. 
Figure 4 shows that an higher degree of shared isotigs is maintained (90%).
Comparing the assemblies
Blast to Coffea spp. ESTs 
The  global  assembly  method  gave  only  one  set  of  contigs  for  each  software,  but  in  the 
individual  assembly strategy we have 3 set  of contigs  for  each software.  The next  step of our 
analysis is the mapping of our contigs to the ESTs from Coffea spp. that exist in NCBI and the study 
of the percentage quality of this hits. To avoid an over-representation of the contigs shared by more 
than one dataset in the individual assemblies we assembled contigs with the same blastx hit in nr 
(with MIRA) to get an unique set of contigs for each software in the individual assemblies, called 
supercontig set (Newbler stgs-hits Ind and Mira stgs-hits Ind in figure 5). These sets also included 
the individual contigs that showed no homologies in the blastx analysis
Using high e-values all  assemblies have a very close percentage of contigs with hits  in the 
database. Decreasing e-value threshold values will allow only the higher similarity level to stand as 
hit and doing that reveal differences in our assemblies results. In the threshold limit of 0 for e-value 
we see that Newbler perform better than MIRA (in all strategies and between strategies) suggesting 
that the Newbler assembler, while building much less contigs than MIRA, performs a more robust 
assembly them MIRA. Comparing the global assembly of each software with the same software 
individual  assembly  reveal  a  better  performance of  the global  assembly,  especially  in  Newbler 
assemblies.
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Search for known genes
A final step to chose the best strategy and assembler was made by blasting 10 genes previously 
used in RT-qPCR expression studies in this biological system  [2] against the contigs from the 4 
conditions in study (MIRA vs Newbler / global assembly vs individual assembly). In general an 
higher  number  of  genes  was  identified  in  the  global  assembly  as  compared  to  the  individual 
assembly. This improvement was much more noticeable in MIRA (with 6 genes identified in the 
individual assembly and 10 in the global assembly) than in Newbler (7 genes identified in both 
assemblies).  Comparing  Newbler  versus  MIRA for  the  global  assemblies  we  have  two  very 
different situations, both sub-optimal: in Newbler we could not identify all genes (3 are missing) 
while in MIRA the genes are not built in one or two contigs but are shattered in many different 
contigs (this happens in 6 genes) while in Newbler when a gene is shattered, the contigs that are 
identified by this gene are in the same isogoup. Table 4 summarizes the results of this search and 
Additional File 1 shows the alignment of each of those genes to their best hits.
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Figure 5 – Blast result in the Coffee ESTs database. % of contigs in diferent 
assemblies whit hits found with different e-values cut-off
















Table 4 Blast result of each presented gene with each assembly. Genes with the – sign have not 
been found in the corresponding assembly and genes marked with + sign have been found in the 
corresponding assembly. 'R' stands for Redundancy and indicates the situations where multiple hits 
were found ('I' indicates redundancy within the same isogroup). Between brackets is the accession 
number for the respective gene.
Gene Newbler Global MIRA Global Newbler Individual MIRA Individual
pr1b (DQ335594) - +,R - -
wrky1 (CO773974) - + - -
13lox (DV704189) - + - -
rlk (CF589181) + +,R + +
pr10 (CF589103)  +,RI +,R +,R +,R
gt (CO773975) + + + +
pal (AF218454) + + + -
ubiquitin (AF297089) + +,R + +
chs (CF588802) +,R +,R +,R +,R
gapdh (SGN-
U619744)
+,RI +,R +,R +,R
At  this  point  we  established  that  the  global  assembly  strategy  should  be  used  instead  of 
individual assembly strategy. This rely in a more expected and explainable distribution of data in 
the conditions in test and from the better performance of global assemblies both in the blast against 
Coffee ESTs database and in the search for the previously studied genes. In the next steps of this 
work we will  drop the individual assemblies but will maintain both Newbler and MIRA global 
assemblies because none of them performed better then the other in all tests (Newbler performed 
better in the blast against the Coffee EST database but MIRA is the only one that can identify all 
previously study genes). 
Blast to the NBCI non-redundant protein database
To analyze our results in a biological way we need to map them to know proteins. For that we 
use Blastx mapping NCBI's non-redundant proteins database. Table 4 shows number of hits and 
unique hits.
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Table 5 – Blast result of global assemblies in NCBI non-redundant protein database.
Database MIRA (number of sequences / %) - 
60416
Newbler (number of sequences/ %) - 
18892
NCBI (nr)
Matches to the 
database
40509 67% 15080 80%
Unique hits 22375 37% 11042 59%
Longest sequences lead to better blast alignment results and that way the isotigs approach of 
Newbler, with an average sequence length 1,6x larger than MIRA, had better results with protein 
database, with an higher percentage of hits (67% vs 80%) and lower redundancy (63% vs 41%). 
The fact that MIRA have an higher redundancy may arise from the set of parameters chosen, when 
the number of hits in database in preferred in opposition to a lower redundancy. 
Annotation with GO terms
With Blast2GO we were able to annotate a fraction of our results (59% in MIRA and 67% in 
Newbler, Table 6). We found a similar distribution of GO terms in both assemblies (Figure 6).  
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Table 6 - Annotation result  from Mira global and Newbler global assemblies.  Number and 
percentage of contigs in the global assemblies that report an hit in the various annotation steps.
Statistics MIRA (Number/Percentage) Newbler  (Number/Percentage)
# Sequences 60416 18892
# with blast hit 40509 67 15080 80
# mapped 38162 63 14386 76
# annotated 35542 59 12697 67
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Figure 6 - GO annotation for MIRA global an Newbler global assemblies. Percentage of 
























































































































































































































































Overall,  Newbler  performed  better  than  MIRA in  most  parameters,  namely  showing  better 
homologies to EST and protein databases. The number of contigs obtained in Newbler assemblies 
was lower than those of MIRA, suggesting more stringency. In fact, Newbler failed to recover some 
of the 10 coffee genes previously identified in these transcriptomes. However, MIRA showed a high 
degree of redundancy in a similar study. These results come in agreement with previous reports 
suggesting that Newbler 2.5 outperforms MIRA and other assemblers[8].
For both assemblers, the global assembly strategy proved superior to the individual assembly, 
showing a higher number of common transcripts among libraries and more and better homologies to 
EST and protein databases. Interestingly, the improvement in the quality of the assembly that occurs 
when comparing  the  individual  and global  assemblies  is  stronger  for  MIRA than  for  Newbler 
assemblies on what concerns the number of specific coffee genes identified, but the opposite occurs 
for  the  number  of  common transcripts  among  libraries  or  the  homologies  to  EST and  protein 
databases.  In  this  work  we  developed  and  implemented  a  global  assembly  strategy  for  454 
pyrosequencing transcriptomic data, merging reads from three biological conditions and assembling 
them together but maintaining the information of the origin of each read. This global assembly 
strategy provided a clear improvement in the quality of the assembly, producing more biologically 
meaningful  results.  This  will  enable  downstream  analyzes  comparing  coffee  HDT832/2  host 
resistance to H. vastatrix to the nonhost resistance, which is expected to elucidate the mechanisms 
of the durable resistance of this coffee genotype.
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Alignment of 10 Coffea spp. genes (Table 4) to their best hits in the Mira (CaM) and Newbler 
(CaN) global assemblies.
13lox
Name: 13lox_DV704189           Len: 1928  Check:  9922    Weight: 1.00 
Name: CaM13729_putative_13lox  Len: 1928  Check:  3951    Weight: 1.00 
// 
                         1                                                      60 
         13lox_DV704189  CCACGCGTCCGCAACAAATTCCGTGACGGTGATATTCTCAAATTGGCATTCCCAAAATCT 
CaM13729_putative_13lox  ............................................................ 
                         61                                                      120 
         13lox_DV704189  TAACAAAGGACAAATTTGCATGGTTGCGAGATGATGAATTTGCCCGGCAAGCAATAGCAG 
CaM13729_putative_13lox  ............................................................ 
                         121                                                      180 
         13lox_DV704189  GGGTTAATCCTGTAGGCATTGAAAGGCTTCAGGCCTTCCCTCCTGTTAGCAAGCTTGACC 
CaM13729_putative_13lox  ............................................................ 
                         181                                                      240 
         13lox_DV704189  CTGAAATCTATGGCCCCTTGGATTCAGCTCTCAAAGAAGAGCACATCCTTGGGAATCTCA 
CaM13729_putative_13lox  ............................................................ 
                         241                                                      300 
         13lox_DV704189  ACGGAATGACAGTGCAAGAGGCTTTGGAGGCGAACAAGCTATACATAGTGGACCACCACG 
CaM13729_putative_13lox  ............................................................ 
                         301                                                      360 
         13lox_DV704189  ATGCCTACTTACCATTTATTGACAGGATTAATGCCCTTGATGGCCGTAAAGCATATGCAA 
CaM13729_putative_13lox  ............................................................ 
                         361                                                      420 
         13lox_DV704189  CACGCACCATATTTTTCTTGAGCGATTTAGGCACTCTCAAACCCATCGCTATAGAGCTTA 
CaM13729_putative_13lox  ............................................................ 
                         421                                                      480 
         13lox_DV704189  GCCTCCCAGCCACTGGCCCAAGTTCTCGTTCAAAACGTGTCGTAACGCCACCGGTTGATG 
CaM13729_putative_13lox  ............................................................ 
                         481                                                      540 
         13lox_DV704189  CAACCACTAATTGGATCTGGCAGCTGGCTAAAGCCCACGTTTGCTCCAATGATGCTGGTG 
CaM13729_putative_13lox  ............................................................ 
                         541                                                      600 
         13lox_DV704189  TTCACCAACTCATCAATCATTGGTTGCGCACACATGCGTCAGTGGAACCATTTATACTGG 
CaM13729_putative_13lox  ............................................................ 
                         601                                                      660 
         13lox_DV704189  CGGCGCACAGGCAAATGAGCGCAATGCATCCAATATTTAAGCTTTTGGATCCCCATATGA 
CaM13729_putative_13lox  ............................................................ 
                         661                                                      720 
         13lox_DV704189  GATATACGATGGAGATCAATGCATTGGCTCGCCAGGCCTTGATCAATGCAGACGGTATCA 
CaM13729_putative_13lox  ............................................................ 
                         721                                                      780 
         13lox_DV704189  TTGAGTCTTGCTTCACGCCTGGTCGTTATTGCATGGACATTAGTGCCGCTGCCTACAAAA 
CaM13729_putative_13lox  ............................................................ 
                         781                                                      840 
         13lox_DV704189  ATTTCTGGCGTTTTGATTTAGAAGGACTCCCAGCTGATCTCATCAGGAGAGGGATGGCAG 
CaM13729_putative_13lox  ............................................................ 
                         841                                                      900 
         13lox_DV704189  TACCGGATCCAACGCAAACCCATGGGCTAAAACTTGTCATGGAGGACTATCCGTATGCTG 
CaM13729_putative_13lox  ............................................................ 
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                         901                                                      960 
         13lox_DV704189  CGGATGGGTTACTGATATGGGCTGCAATTGAGAGCTGGGTCCGCAAGTGTGTGAACCATT 
CaM13729_putative_13lox  ............................................................ 
                         961                                                      1020 
         13lox_DV704189  ATTATCCCGACCCAAGCGTCGTGTGCAATGATAGGGAGCTTCAAGCCTGGTATGCGGAGT 
CaM13729_putative_13lox  ............................................................ 
                         1021                                                      1080 
         13lox_DV704189  CCATTAACGTGGGCCATGCGGATCTACGCAATGCCGACTGGTGGCCCACTTTAGCCACAC 
CaM13729_putative_13lox  ............................................................ 
                         1081                                                      1140 
         13lox_DV704189  CTGAAGATCTCAGCTCAATTCTGACTACTCTCATCTGGCTTGCATCAGCGCAGCATGCTG 
CaM13729_putative_13lox  ............................................................ 
                         1141                                                      1200 
         13lox_DV704189  CATTGAATTTTGGCCAGTACCCTTACGGTGGCTACGTGCCGAACCGGCCGCCGCTCATGC 
CaM13729_putative_13lox  ............................................................ 
                         1201                                                      1260 
         13lox_DV704189  GGCGACTAATCCCTAATGAAAATGATCCAGAATACGCAGTTTTCTTGGCTGATCCACAAA 
CaM13729_putative_13lox  ............................................................ 
                         1261                                                      1320 
         13lox_DV704189  AGTATTTCCTCTCGGCCCTGCCGAGTTTGTTACAAGCAACAAAATACATGGCCGTGGTAG 
CaM13729_putative_13lox  ............................................................ 
                         1321                                                      1380 
         13lox_DV704189  ACACCTTATCGACTCACTCCGCCGATGAGGAGTACCTTGGCGAGAGGAATCATCCGTCGA 
CaM13729_putative_13lox  ...................................CTTGGCGAGAGGAATCATCCGTCGA 
                         1381                                                      1440 
         13lox_DV704189  CGTGGACAGGGGATGCAGAGGCCATTGAAGCATTCTATGAATTCTCCGCAGAGATTGGGA 
CaM13729_putative_13lox  CGTGGACAGGGGATGCAGAGGCCATTGAAGCATTCTATGAATTCTCCGCAGAGATTGGGA 
                         1441                                                      1500 
         13lox_DV704189  GGATAGAGAAGGAGATTGAGGAAAGAAATG..CTGACGCAAGATTAAGGAATAGATGTGG 
CaM13729_putative_13lox  GGATAGAGAAGGAGATTGAGGAAAGAAATGGRCTGRSGCAAGATTAAGGAATAGATGTGG 
                         1501                                                      1560 
         13lox_DV704189  GGCTGGGGTGATACCATATGAGCTTTT.AGCACCTACTTCAGGACCTGGGGTAACATGTC 
CaM13729_putative_13lox  GGCTGGGGTGATACCATATGAGCTTTTTAGCACCTACTTCAGGACCTGGGGTAACATGTC 
                         1561                                                      1620 
         13lox_DV704189  GAGGTGTTCCTAATAGCGTGTCAATATGAGTCCAGACAAAGTCCCTGACCCGGCCCAAGA 
CaM13729_putative_13lox  GAGGTGTTCCTAATAGCGTGTCAATATGAGTCCAGACAAAGTCCCTGACCCGGCCCAAGA 
                         1621                                                      1680 
         13lox_DV704189  AGATCTGAGATTTGAGTGATGTCGAATGTAGCCCAAAAGAGGATCTGCAATATTCTAATC 
CaM13729_putative_13lox  AGATCTGAGATTTGAGTGATGTCGAATGTAGCCCAAAAGAGGATCTGCAATATTCTAATC 
                         1681                                                      1740 
         13lox_DV704189  AATCGTTTAGAAGAAGATATGTTTGTACTACGTCTGTAATGTATGGTAGGCCCCGTTGTC 
CaM13729_putative_13lox  AATCGTTTAGAAGAAGATATGTTTGTACTACGTCTGTAATGTATGGTAGGCCCCGTTGTC 
                         1741                                                      1800 
         13lox_DV704189  CCGTCAATATCGTAAAAATATAGGATTGTTCTGTATAGCGTTTCTTTACTGGAGAAGCCC 
CaM13729_putative_13lox  CCGTCAATATCGTAAAAATATAGGATTGTTCTGTATAGCGTTTCTTTACTGGAGAAGCCC 
                         1801                                                      1860 
         13lox_DV704189  AGANATATTGGAGAAATCTGGTAGTGTAGTCTTATGCCTCAGATTCTCACATAGATCCAT 
CaM13729_putative_13lox  AGAAATATTGGAGAAATCTGGTAGTGTAGTCTTATGCCTCAGATTCTCACATAGATCCAT 
                         1861                                                      1920 
         13lox_DV704189  TAGGTCCATGTTTGTCCTGGAGGCCGTTAAATGCATATTTTGCTTTGATTAATTCTAGAT 
CaM13729_putative_13lox  TAGGTCCATGTTTGTCCTGGAGGCCGTTAAAATTG......................... 
                         1921         1928 




Name: rlk_CF589181                 Len: 2593  Check:  8019    Weight: 1.00 
Name:       CaN08090_putative_rlk  Len: 2593  Check:  2350    Weight: 1.00 
Name: CaM01356_putative_rlk        Len: 2593  Check:  689    Weight: 1.00 
Name: CaM31256_putative_rlk        Len: 2593  Check:  4809    Weight: 1.00 
Name: CaM40105_putative_rlk        Len: 2593  Check:  4031    Weight: 1.00 
// 
                             1                                                      60 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ..................................................CGCCTGTGCT 
      CaM01356_putative_rlk  TGGGGGGGTAATGCTGGTCTTTGTTCACGTAATCCATCTTTAGGCMTKRRCGCCTGTGCT 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             61                                                      120 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TCCCAAACCGGGGAGTCAAACAAGCTTTCAGCAAAATTTGTCGCAGCTGTTTCAAGTATA 
      CaM01356_putative_rlk  TCCCAAACCSGGGAGTCAAACAAGCTTTCAGCAAAATTTGTCGCAGCTGTTTCAAGTATA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             121                                                      180 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GCCGCATTTGGCTTTTTAGTGGCTTTAGTATACACATTCTTTTTTATCAGAGGTTACAAG 
      CaM01356_putative_rlk  GCCGCAKTTGGCTTTTTAGTGGCTTTAGTATACACATTCTTTTTTATCAGAGGTTACAAG 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             181                                                      240 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AAGAAAAAACAGAGATTGGATTCAACTTGGAAATTAACCTCATTTCAGAAGTTGAATTTC 
      CaM01356_putative_rlk  AAGAAAAAACAGGGATTGGATTCAACTTGGAAATTAACCTCATTTCAGAAGTTGAATTTC 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             241                                                      300 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ACTGCACCATCCCTTCTATCAAGCTTGACAGAAAGCAATATGATTGGAAGTGGAGGTTCA 
      CaM01356_putative_rlk  ACTGCACCATCCCTTCTATCAAGCTTGACAGAAAGCAATATGATTGGAAGTGGAGGTTCA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             301                                                      360 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GGAAATGTCTATCGTGTTCCAATTAATAGTTCAGGTGCATATGTTGCTGTTAAGAAGATT 
      CaM01356_putative_rlk  GGAAATGTCTATCGTGTTCCAATTAATAGTTCAGGTGCATATGTTGCTGTTAAGAAGATT 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             361                                                      420 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TGCAACAGCAAAAGGTTGGATCACAAAGAATTTCTTGCAGAAGTTGAGATTTTGGGCACT 
      CaM01356_putative_rlk  TGCAACAGCAAAAGGTTGGATCACAAAGAATTTCTTGCAGAAGTTGAGATTTTGGGCACT 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             421                                                      480 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ATTCGACACTCCAACATTGTGAAGTTAATGTGTTGCATCTCAACGGATAGTTCGAAGTTA 
      CaM01356_putative_rlk  ATTCGACACTCCAACATTGTGAAGTTAATGTGTTGCATCTCAACGGATAGTTCGAAGTTA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             481                                                      540 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  CTGGTCTACGAGTATATGGAAAATCGTAGTTTGGATCGTTGGCTTCATTGCAAGAGGAAC 
      CaM01356_putative_rlk  CTGGTCTACGAGTATATGGAAAATCGTAGTTTGGATCGTTGGCTTCATTGCAAGAGGAAC 
      CaM31256_putative_rlk  .....................ACAACGATCGATTGTTGGGATCTTGAGCAGCAATAGAAC 
      CaM40105_putative_rlk  ............................................................ 
                             541                                                      600 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  CGGTCTGCTAACACAGGTTCAATCCACCATATTGTCCTGGAGTGGCCTAAGAGGTTGCAG 
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      CaM01356_putative_rlk  CGGTCTGCTAACACAGGTTCAATCCACCATATTGTCCTGGAGTGGCCTAAGAGGTTGCAG 
      CaM31256_putative_rlk  CATTTGATATACATGATTCTGGGCTACTAAGTGTTGCCTTTCCACTTGTAGATTTGGATA 
      CaM40105_putative_rlk  ............................................................ 
                             601                                                      660 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ATTGCAATTGATGCTGCTCGAGGGCTCTGCTATATGCACCATGACTGCTCACCATCTATA 
      CaM01356_putative_rlk  ATTGCAATTGATGCTGCTCGAGGGCTCTGCTATATGCACCATGACTGCTCACCATCTATA 
      CaM31256_putative_rlk  CGGTTTTGTTACTTACTGCTGATGGCAATACCTGTTTCTGGTTCTGATCCAGCAATCTAA 
      CaM40105_putative_rlk  ............................................................ 
                             661                                                      720 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ATTCACCGAGATTTAAAA.TCAAGCAACATTTTGCTAGATTCTGAATTCAATGCAAAAAT 
      CaM01356_putative_rlk  ATTCACCGAGATTTAAAAATCAAGCAACATTTTGCTAGATTCTGAATTCAATGCAAAAAT 
      CaM31256_putative_rlk  ACATCTGCTGAATGACAACTTCTAATTGTTTTGGTGAAACATCAAATTGCAGCCACTGAG 
      CaM40105_putative_rlk  ............................................................ 
                             721                                                      780 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TGCAGATTTTGGTCTGGCTAGGATGTTAGTGAAGGATGGAGAGCCCAACACAATGTCAGT 
      CaM01356_putative_rlk  TGCAGATTTTGGTCTGGCTAGGATGTTAGTGAAGGATGGAGAGCCCAACACAATGTCAGT 
      CaM31256_putative_rlk  CTTCCGGAAATTGTCAAAACAATCCAAGAAGCTTGGGACAAGGTTGAAGACAAGTATGCT 
      CaM40105_putative_rlk  ............................................................ 
                             781                                                      840 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TGTAGCCGGCTCATTCGGATACATTGCTCCTGAGTATGCTCAGACAAGAAGAGTGAATG. 
      CaM01356_putative_rlk  TGTAGCCGGCTCATTCGGATACATTGCTCCTGAGTATGCTCAGACAAGAAGAGTGAATG. 
      CaM31256_putative_rlk  GTCAGTTCTCTGGCGTTTAGCTCTCCTTGTTGCGCTTTGCGGATCCACTGGATTGGTTTC 
      CaM40105_putative_rlk  ...............................................TTAGTGTAATTGT 
                             841                                                      900 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  .AGAAGG....TTGATGTGTATAGCTTTGGGGTCATCCTTCTGGAACTGGTTACTGGAAG 
      CaM01356_putative_rlk  AGTAAGG....TTGATGTGTATAGCTTTGGGGTCATCCTTCTGGAACTGGTYACTGGAAG 
      CaM31256_putative_rlk  GGTGAGGACTTTTCTAGCATGCAATTGACAGGCTTCCATTGATTCCCGGTGTACTTGAGC 
      CaM40105_putative_rlk  AGTAAGG....TTGATGTGTATAGCTT..GGGTCATCCTTCTGGAACTGGTCACTGGAAG 
                             901                                                      960 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  A.GAAGGCAATTACGGTGATGAGACTTCATCGCTTGCAGAATGGGCGTGGCGTCACTTTC 
      CaM01356_putative_rlk  A.GAAGGCAATTACGGTGATGAGACTTCATCGCTTGCAGAATGGGCGTGGCGTCACTTTC 
      CaM31256_putative_rlk  TTGTGGGCAT...CGGTTACACTACTT.ATTTCGTGTACAAAAACCTCGTTTTTAAGACC 
      CaM40105_putative_rlk  ATGRRGGCAATTACGGTGATGAGACTTCATCGCTTGCAGAATGGGCGTGGCGTCACTTTC 
                             961                                                      1020 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AAGAAGGGAAACC........AATAATTGATGCCTTCGACGAGGACATAATGGAGCCTTG 
      CaM01356_putative_rlk  AAGAAGGGAAACC........AATAATTGATGCCTTCGACGAGGACATAATGGAGCCTTG 
      CaM31256_putative_rlk  AGACAGGGAAGCCCTGGTTAAAAAGATCAAAGACACCTACGAGGACATAATGGAGCCTTG 
      CaM40105_putative_rlk  AAGAAGGGAAACC........AATAATTGATGCCTTCGACGAGGACATAATGGAGCCTTG 
                             1021                                                      1080 
               rlk_CF589181  .............................................GTACCGGATTGGTGC 
      CaN08090_putative_rlk  TTACTTAGATGAGATAGCCA.ACGTGTTCAAACTCGGTATTTTCTGTACCGGATTGGTGC 
      CaM01356_putative_rlk  TTACTTAGATGAGATAGCCA.ACGTGTTCAAACTCGGTATTTTCTGTACCGGATTGGTGC 
      CaM31256_putative_rlk  TTACTTAGATGAGATAGCCATRSGTGTTCAAACTCGGTATTTTCTGTACCGGATTGGTGC 
      CaM40105_putative_rlk  TTACTTAGATGAGATAGCCA.ACGTGTTCAAACTCGGTATTTTCTGTACCGGATTGGTGC 
                             1081                                                      1140 
               rlk_CF589181  CCTCCAACCGCCCTACAATGAGGGACGTTTTACAAATTTTGCTCCGCTCTGTTCATTCAG 
      CaN08090_putative_rlk  CCTCGAACCGCCCTACAATGAGGGACGTTTTACAAATTTTGCTCCGCTCTGTTCATTCAG 
      CaM01356_putative_rlk  CCTCGAACCGCCCTACAATGAGGGACGTTTTACAAATTTTGCTCCGCTCTGTTCATTCAG 
      CaM31256_putative_rlk  CCTCGAACCGCCCTACAATGAGGGACGTTTTACAAATTTTGCTCCGCTCTGTTCATTCAG 
      CaM40105_putative_rlk  CCTCGAACCGCCCTACAATGAGGGACGTTTTACAAATTTTGCTCCGCTCTGTTCATTCAG 
                             1141                                                      1200 
               rlk_CF589181  TGCCAATGGGAGAAAAGAATGGCAGAAGCGAGTATGATTTTGCCCCCCTTCTTAACAACT 
      CaN08090_putative_rlk  TGCCAATGGGAGAAAAGAATGGCAGGAGTGAGTGTGATTTTGCCCCCCTTCTTAACAACT 
      CaM01356_putative_rlk  TGCCAATGGGAGAAAAGAATGGCAGGAGTGAGTGTGATTTTGCCCCCCTTCTTAACAACT 
      CaM31256_putative_rlk  TGCCAATGGGAGAAAAGAATGGCAGGAGTGAGTGTGATTTTGCCCCCCTTCTTAACAACT 
      CaM40105_putative_rlk  TGCCAATGGGAGAAAAGAATGGCAGGAGTGAGTGTGATTTTGCCCCCCTTCTTAACAACT 
                             1201                                                      1260 
39
               rlk_CF589181  CAAAGCGCAAGAAGTCGTTGATCGACGAAGATGGCGGCTTCGACTCAACGATCTGATAAA 
      CaN08090_putative_rlk  CAAAGCGTGAGAAGTCGTTGATCGACGAAGATGGCGGCTTCGACTCAATGGTCTGATAAA 
      CaM01356_putative_rlk  CAAAGCGTGAGAAGTCGTTGATCGACGAAGATGGCGGCTTCGACTCAATGGTCTGATAAA 
      CaM31256_putative_rlk  CAARRCGTGAGAAGTCGTTGATCGACGAAGATGGCGGCTTCGACTCAATGGTCTGATAAA 
      CaM40105_putative_rlk  CAAAGCGTGAGAAGTCGTTGATCGGCGAAGATGGCGGAAT.GTCCTATT..CCTGACCCT 
                             1261                                                      1320 
               rlk_CF589181  GCTTGAAAATGTAACCATCAGGTGGTTGATCCACAAAGTTGGGAAATCGATGAAGGTTCT 
      CaN08090_putative_rlk  GCTTGAAAATGTAACCATCAGGTGGTTGATCCACAAAGTTGGGAAATCGATGAAGGTTCT 
      CaM01356_putative_rlk  GCTTGAAAATGTAACCATCAGGTGGTTGATCCACAAAGTTGGGAAATCGATGAAGGTTCT 
      CaM31256_putative_rlk  GCTTGAAAATGTAACCATCASGTGGTTGATCCACAAAGTTGGGAAATCGATGAAGGTTCT 
      CaM40105_putative_rlk  GCTCTCGA.CACAACTATCAGA.ACTGGAGTCGTCGA..TCAGGTGCGGGTGGAATTTTT 
                             1321                                                      1380 
               rlk_CF589181  GAACCAAGCGGCAGAAGCAGGCTAAGGAGATTGGAGCGGGTTCA..TGGGG......CTG 
      CaN08090_putative_rlk  GAACCAAGCAACAGAAGCAGGCTAAGGAGATTGGAGCGGGTTCA..TGGGGGCACGGCTG 
      CaM01356_putative_rlk  GAACCAAGCAACAGAAGCAGGCTAAGGAGATTGGAGCGGGTTCA..TGGGGGCACGGCTG 
      CaM31256_putative_rlk  GAACCAAGCAACAGAAGCAGGCTAAGGAGATTGGAGCGGKWTCAGATKGRSGCAMGGCTG 
      CaM40105_putative_rlk  TAN......................................................... 
                             1381                                                      1440 
               rlk_CF589181  CATGAGTTAGCTTATACTAGTTGTCTAGAATTAGGAGATACATGGTGTTTTCAAACTGTA 
      CaN08090_putative_rlk  CATGAGTTAGCTTATACTAGTTGTCTAGAATTAGGAGATACATGGTGTTTTCAAACTGTA 
      CaM01356_putative_rlk  CATGAGTTAGCTTATACTAGTTGTCTAGAATTAGGAGATACATGGTGTTTTCAAACTGTA 
      CaM31256_putative_rlk  SATGAGTTAGCTTATACTAGTTGTCTAGAATTAGGAGATACATGGTGTTTTCAAACTGTA 
      CaM40105_putative_rlk  ............................................................ 
                             1441                                                      1500 
               rlk_CF589181  ATTGGCCGTAC................................................. 
      CaN08090_putative_rlk  ATTGGT.GTACAAGTAGGGAAAGTAAAGCTTATTATAGCAAGCATTTCCACAGCTCGTAT 
      CaM01356_putative_rlk  ATTGGT.GTACAAGTAGGGAAAGTAAAGCTTATTATAGCAAGCATTTCCACAGCTCGTAT 
      CaM31256_putative_rlk  ATTGGT.GTACAAGTAGGGAAAGTAAAGCTTATTATAGCAAGCTATTTCCACAGCTACGT 
      CaM40105_putative_rlk  ............................................................ 
                             1501                                                      1560 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GAAAACGGCTGGCAGTCACTGCAGCTGCTACGAAGCAGCATTCGTTTTTGGTGTCTACAA 
      CaM01356_putative_rlk  GAAAACGGCTGGCAGTCACTGCAGCTGCTACGAAGCAGCATTCGTTTTTGGTGTCTACAA 
      CaM31256_putative_rlk  AAAATTAAAAAAAAAAAAAAAAACAAAAAAAAAAAGTAAACT.................. 
      CaM40105_putative_rlk  ............................................................ 
                             1561                                                      1620 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GTTTCGGATCAATATATGTATAGTCTTTAAATGGATATAGTCTAGCAACACGACTAGGAA 
      CaM01356_putative_rlk  GTTTCGGATCAATATATGTATAGTCTTTAAATGGATATAGTCTAGCAACACGACTAGGAA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             1621                                                      1680 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AAATGGGTTGACAGATTATGTAGTAATTTATGTATAGATTGCTTAAAACAACCTCAGAAA 
      CaM01356_putative_rlk  AAATGGGTTGACAGATTATGTAGTAATTTATGTATAGATTGCTTAAAACAACCTCAGAAA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             1681                                                      1740 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AACTTGATGAAGCCTAGTACTAAAACTGCTACTCACTTCATGTGGATCTCCATCAAGTCC 
      CaM01356_putative_rlk  AACTTGATGAAGCCTAGTACTAAAACTGCTACTCACTTCATGTGGATCTCCATCAAGTCC 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             1741                                                      1800 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GTTTAATATGTTGCGCAGGACTTTATTTGATCCAAAGAGTATCATCTACATGTGCACTAT 
      CaM01356_putative_rlk  GTTTAATATGTTGCGCAGGACTTTATTTGATCCAAAGAGTATCATCTACATGTGCACTAT 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             1801                                                      1860 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ACCTAATCTTGAATGCCCAAATGATCTTACAACAAAGCCTTAACTTTAAGACACTACTCT 
      CaM01356_putative_rlk  ACCTAATCTTGAATGCCCAAATGATCTTACAACAAAGCCTTAACTTTAAGACACTACTCT 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
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                             1861                                                      1920 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TAAGCCAAAGAGGGAGGGGGG.AATTACTAACAAAAATACGAAGACATTGTCTCAGTTAC 
      CaM01356_putative_rlk  TAAGCCAAAGAGGGAGGGGGGGAATTACTAACAAAAATACGAAGACATTGTCTCAGTTAC 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             1921                                                      1980 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GGGCCAGAAATCTAGAGGCACACGGGTCCATGGCTCAGTTTGGAGCTCTGCTAGACCATA 
      CaM01356_putative_rlk  GGGCCAGAAATCTAGAGGCACACGGGTCCATGGCTCAGTTTGGAGCTCTGCTAGACCATA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             1981                                                      2040 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TATTAAACCGGTCCTCGCGACATCTCCTTGATTCGGCTGCTGCAATTGCCCC.AGGGAAA 
      CaM01356_putative_rlk  TATTAAACCGGTCCTCGCGACATCTCCTTGATTCGGCTGCTGCAATTGCCCCCAGGGAAA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2041                                                      2100 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GGATGACAGAAATATAGAGCTCCAACGCAGTAGATCAATTTTTGGCAGCACTACAGCTCA 
      CaM01356_putative_rlk  GGATGACAGAAATATAGAGCTCCAACGCAGTAGATCAATTTTTGGCAGCACTACAGCTCA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2101                                                      2160 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  TACCAGGATCAGGATTCCTCTACTTCGAGATATTGCGAATGAGAGGCAGCCAGGAGCGCA 
      CaM01356_putative_rlk  TACCAGGATCAGGATTCCTCTACTTCGAGATATTGCGAATGAGAGGCAGCCAGGAGCGCA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2161                                                      2220 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  GCACCAATGCCAGAACCATCATTTGAATGGATAATTGAAACATTTTCGTAAGCATCTCCA 
      CaM01356_putative_rlk  GCACCAATGCCAGAACCATCATTTGAATGGATAATTGAAACATTTTCGTAAGCATCTCCA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2221                                                      2280 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AGCAATTCCTGGAGAGTGCTGTCCATACAATTTCTGAACTTTGTGTAGTGCTCGAAAAGT 
      CaM01356_putative_rlk  AGCAATTCCTGGAGAGTGCTGTCCATACAATTTCTGAACTTTGTGTAGTGCTCGAAAAGT 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2281                                                      2340 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  CCGCCATCCAAAGCTACAACTGACTTCTGCTTCTCTCCATCCGTCATAGTATCTCTACCC 
      CaM01356_putative_rlk  CCGCCATCCAAAGCTACAACTGACTTCTGCTTCTCTCCATCCGTCATAGTATCTCTACCC 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2341                                                      2400 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AATTTTTT.GAGAATTCCCAGGATCGCAGCAGCAGAGAGGCGTGCTCCACGGGAGACAAC 
      CaM01356_putative_rlk  AATTTTTTTGAGAATTCCCAGGATCGCAGCAGCAGAGAGGCGTGCTCCACGGGAGACARC 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2401                                                      2460 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AATATCGCATATCTCCACTATTACTTTCCGTACTTTAAGCGAAGAATTAGGAATCTCTAA 
      CaM01356_putative_rlk  AATATCGCATATCTCCACTATTACTTTCCGTACTTTAAGCGAAGAATTAGGAATCTACYA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2461                                                      2520 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  AATATCTTTTAGC............................................... 
      CaM01356_putative_rlk  MMATRKMWWKKAGMMCMAGTAAAATAAGAAGTCAGTAGTCATTCTGCCAAGTACTACAAC 
41
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2521                                                      2580 
               rlk_CF589181  ............................................................ 
      CaN08090_putative_rlk  ............................................................ 
      CaM01356_putative_rlk  ACCTTTCAAATGTGCATGATAATGCATGCTAACCCAGTAGACTAGAAATTTAATAAAATA 
      CaM31256_putative_rlk  ............................................................ 
      CaM40105_putative_rlk  ............................................................ 
                             2581              2593 
               rlk_CF589181  ............. 
      CaN08090_putative_rlk  ............. 
      CaM01356_putative_rlk  AAAAAAAAAAAAN 
      CaM31256_putative_rlk  ............. 
      CaM40105_putative_rlk  ............. 
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chs
Name: chs_CF588802              Len: 1557  Check:  628    Weight: 1.00 
Name:    CaN00287_putative_chs  Len: 1557  Check:  8810    Weight: 1.00 
Name:    CaN00280_putative_chs  Len: 1557  Check:  9957    Weight: 1.00 
Name:    CaN00281_putative_chs  Len: 1557  Check:  802    Weight: 1.00 
Name:    CaN00286_putative_chs  Len: 1557  Check:  8103    Weight: 1.00 
// 
                          1                                                      60 
            chs_CF588802  .........TCCGGAGCTAC....AAAGCTA.GCAGCTACCTGCAAAACTCTACGTACCT 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  GCCACAACTTCCGGAGCTAC....AAAGCTA.GCAGCTACCTGCAAG..TCTACGTACCT 
   CaN00281_putative_chs  ..GCCACAACCCGGAGCTAC....AAAGCTA.GCAGCTACCTGCAAG..TCTACGTACCT 
   CaN00286_putative_chs  .......GAGCCACAACTTCTCCAGGAGATACAAAGCCACCTGCAAGAGTTTACGTACCT 
                          61                                                      120 
            chs_CF588802  TAATTTTTCTCTTTTTCCGAGCAAAAATGGTTACCGTCGAGGAAGTTAGGAGGGCTCAAA 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  TAATT....CCTTTTTCCGAGCA...ATGGTTACCGTCGAGGAAGTTAGGAGGGCTCAAA 
   CaN00281_putative_chs  TAATT....CCTTTTTCCGAGCA...ATGGTTACCGTCGAGGAAGTTAGGAGGGCTCAAA 
   CaN00286_putative_chs  TAATATTTCTCTTTTTCCGAGCAAAAATGGTTACCGTCGAGGAACTTAGGAGGGCTCAAA 
                          121                                                      180 
            chs_CF588802  GGGCCGAAGGACCGGCGACGATCATGGCCATCGGAACAGCTACGCCACCAAATTGTGTCG 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  GGGCCGAAGGACCGGCGACGATCATGGCCATCGGAACAGCTACGCCACCAAATTGTGTCG 
   CaN00281_putative_chs  GGGCCGAAGGACCGGCGACGATCATGGCCATCGGAACAGCTACGCCACCAAATTGTGTCG 
   CaN00286_putative_chs  GGGCCGGAGGACCGGCGACGATCATGGCCATCGGAACAGCTACGCCACCAAATTGTGTCG 
                          181                                                      240 
            chs_CF588802  AGCAAAGCACTTATCCGGATTATTATTTTCGCATTACTGATAGTGAGCATAAGACTGAGC 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  AGCAAAGCACTTATCCGGATTATTATTTTCGCATTACTGATAGTGAGCATAAGACTGAGC 
   CaN00281_putative_chs  AGCAAAGCACTTATCCGGATTATTATTTTCGCATTACTGATAGTGAGCATAAGACTGAGC 
   CaN00286_putative_chs  AGCAAAGCACTTATGCGGATTATTATTTTCGCATTACTAATAGTGAGCATAAGACTGAGC 
                          241                                                      300 
            chs_CF588802  TCAAAGAAAAGTTTAAGCGCATGTGTGACAAATCCATGATTAAGAAGCGCTACATGTACT 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  TCAAAGAAAAGTTTAAGCGCATGTGTGACAAATCCATGATTAAGAAGCGTTACATGTACT 
   CaN00281_putative_chs  TCAAAGAAAAGTTTAAGCGCATGTGTGACAAATCGATGATTAAGAAGCGTTACATGTACT 
   CaN00286_putative_chs  TCAAAGCAAGGTTTAAGCGCATGTGTGACAAATCCATGATTAAGAAGCGTTACATGTACT 
                          301                                                      360 
            chs_CF588802  TGACAGAGGAAATCTTGAAGGAAAATCCCAATATTTGTGCTTACATGGCACCCTCACTAG 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  TGACAGAGGAAATCTTGAAGGAAAATCCCAATCTTCGTGCTTACATGGCACCTTCCCTAG 
   CaN00281_putative_chs  TGACAGAGGAAATCTTGAAGGAAA.TCCCAATATTTGTGCTTACATGGCACCCTCACTAG 
   CaN00286_putative_chs  TGACAGAGGAAATCTTGAAGGAAAATCCCAATATTTGTGCTTACATGGCACCCTCACTAG 
                          361                                                      420 
            chs_CF588802  ATGCTAGGCAAGACATGGTGGTTGTTGAAGTACCAAAACTGGGCAAAGAAGCAGCCCAAA 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  ATACTAGGCAAGACATAGTGGTTGTTGAAGTACCAAAACTGGGCAAAGAAGCAGCCCAAA 
   CaN00281_putative_chs  ATGCTAGGCAAGACATGGTGGTTGTTGAAGTACCAAAACTGGGCAAAGAAGCAGCCCAAA 
   CaN00286_putative_chs  ATGCTAGGCAAGACATGGTGGTTGTTGAAGTACCAAAACTGGGCAAAGAAGCAGCTCAAA 
                          421                                                      480 
            chs_CF588802  AGGCCATTAAGGAATGGGGTCAGCCCAAGTCCAAGATCACCCATCTAGTCTTCTGTACCA 
   CaN00287_putative_chs  ............................................................ 
   CaN00280_putative_chs  AGGCCATTAAGGAATGGGGTCAGCCCAAGTCCAAGATCACCCATGTAGTCTTCTGTACCA 
   CaN00281_putative_chs  AGGCCATTAAGGAATGGGGTCAGCCCAAGTCCAAGATCACCCATCTAGTCTTCTGTACCA 
   CaN00286_putative_chs  AGGCCATTAAGGAATGGGGTCAGCCCAAGTCCAAGATCACCCATCTAGTCTTCTGTACCA 
                          481                                                      540 
            chs_CF588802  CCAGTGGTGTGGACATGCCTGGAGCAGACTATCAGCTCACCAAACTCTTGGGCCTTCGCC 
   CaN00287_putative_chs  ......GAGCCACAACTTCTCCAGGAGA.TACAAAGCCACCTG...CAAGAGTTTACGTA 
   CaN00280_putative_chs  CTAGTGGTGTGGACATGCCTGGAGCAGACTATCAGCTCACCAAACTCTTGGGCCTGCGCC 
43
44
   CaN00281_putative_chs  CTAGTGGTGTGGACATGCCTGGAGCAGACTATCAGCTCACCAAACTCTTGGGCCTTCGCC 
   CaN00286_putative_chs  CCAGTGGTGTGGACATGCCTGGAGCAGACTATCAGCTCACCAAACTCTTGGGCCTTCGCC 
                          541                                                      600 
            chs_CF588802  CGTCCGTCAAGCGCCTCATGATGTACCAACAGGGTTGTTTTGCCGGTGGGACGGTCCTCC 
45
   CaN00287_putative_chs  CCTT.....AATATTTCTCTTTTTCCGAGCAAAAATGGTTACCGTCGAGGAACTTAGGAG 
   CaN00280_putative_chs  CTTCCGTCAAGCGCGTCATGTTGTACCAACAGGGTTGTTTTGCCGGTGGGACGGTCCTCC 
   CaN00281_putative_chs  CGTCCGTCAAGCGCCTCATGATGTACCAACAGGGTTGTTTTGCTGGTGGGACGGTCCTCC 
   CaN00286_putative_chs  CGTCCGTCAAGCGCCTCATGATGTACCAACAGGGTTGTTTTGCCGGTGGGACGGTCCTCC 
                          601                                                      660 
            chs_CF588802  GGCTAGCCAAGGACCTGGCTGAGAACAACAAAGGTGCCCGTGTCCTCGTCGTCTGCTCAG 
   CaN00287_putative_chs  GGCTAGCCAAGGACTTCGCTGAGAACAACAAAGGTGCCCGTGTCCTTGTTGTCTGCGCGG 
   CaN00280_putative_chs  GGCTAGCCAAGGACTTCGCTGAGAACAACAAAGGTGCCCGTGTCCTTGTTGTCTGCGCGG 
   CaN00281_putative_chs  GGGTAGCCAAGGACTTGGCTGAGAACAACAAAGGTGCCCGTGTCCTTGTCGTCTGCTCAG 
   CaN00286_putative_chs  GGCTAGCCAAGGACCTGGCTGAGAACAACAAAGGTGCCCGTGTCCTCGTCGTCTGCTCAG 
                          661                                                      720 
            chs_CF588802  AAATCACTGCAGTTACATTCCGTGGCCCAAGTGATTCGCATTTGGATAGCCTTGTAGGCC 
   CaN00287_putative_chs  AAATCACTGCAGTTACATTCCGTGGCCCAAGTGATGCGCACTTGGATAGTCTTGTAGGCC 
   CaN00280_putative_chs  AAATCACTGCAGTTACATTCCGTGGCCCAAGTGATGCGCACTTGGATAGTCTTGTAGGCC 
   CaN00281_putative_chs  AAATCACTGCAGTTACATTCCGTGGCCCAAGTGACGCGCATTTGGATAGTCTTGTAGGCC 
   CaN00286_putative_chs  AAATCACTGCAGTTACATTCCGTGGCCCAAGTGACGCGCATTTGGATAGCCTTGTAGGCC 
                          721                                                      780 
            chs_CF588802  AAGCCCTGTTTGGAGATGGGGCAGCTGCCATCATTATCGGCGCCGATCCCGTTCCCGAAG 
   CaN00287_putative_chs  AAGCCCTGTTTGGGGATGGCGCAGCTGCCCTCATTATCGGCGCCGATCCCGTTCCTGAAG 
   CaN00280_putative_chs  AAGCCCTGTTTGGGGATGGCGCAGCTGCCCTCATTATCGGCGCCGATCCCGTTCCTGAAG 
   CaN00281_putative_chs  AAGCCCTGTTTGGAGATGGG.CAGCTGCCATCATTATCGGCGCCGATCCGGTTCCCGAAG 
   CaN00286_putative_chs  AAGCCCTGTTTGGAGATGGGGCAGCTGCCATCATTATCGGCGCCGATCCCGTTCCCGAAG 
                          781                                                      840 
            chs_CF588802  TTGAGAGGCCCTTGTTTGAGCTCGTTACAGCAGCCCAAACCATTCTTCCAGACAGTCACG 
   CaN00287_putative_chs  TTGAGAGGCCCTTGTTTGAGCTCGTTACAGCAGCCCAAACCATTGTTCCAGACAGTCACG 
   CaN00280_putative_chs  TTGAGAGGCCCTTGTTTGAGCTCGTTACAGCAGCCCAAACCATTGTTCCAGACAGTCACG 
   CaN00281_putative_chs  TTGAGAGGCCCTTGTTTGAGATCGTTACAGCAGCCCAAACCATTCTTCCAGACAGTCACG 
   CaN00286_putative_chs  TTGAGAGGCCCTTGTTTGAGCTCGTTACAGCAGCCCAAACCATTCTTCCAGACAGTCACG 
                          841                                                      900 
            chs_CF588802  GGGCTATCGACGGCCATCTTCGTGAGGTTGGGCTTACGTTCCATCTTCTCAAGGATGTTC 
   CaN00287_putative_chs  GGGCTATCGACGGCCATCTTCGGGAGTTTGGGCTTATGTTACATCTTCTCAAGGATATTC 
   CaN00280_putative_chs  GGGCTATCGACGGCCATCTTCGGGAGTTTGGGCTTATGTTACATCTTCTCAAGGATATTC 
   CaN00281_putative_chs  GGGCTATCGACGGCCATCTTCGTGAGGTTGGGCTTACGTTCCATCTTCTCAAGGATGTTC 
   CaN00286_putative_chs  GGGCAATCGACGGCCATCTTCGTGAGGTTGGGCTTACGTTCCATCTTCTCAAGGATGTTC 
                          901                                                      960 
            chs_CF588802  CCGGGTTAATCTCCAAGAACATTGAAAAGAGCCTGAAAGAAGCATTTGAGCCTCTCGGTA 
   CaN00287_putative_chs  CCACGTTAATCTCGAAGAACATTGAAAAGAGCCTGAAAGAAGCATTTGAACCTCTCGGTA 
   CaN00280_putative_chs  CCACGTTAATCTCGAAGAACATTGAAAAGAGCCTGAAAGAAGCATTTGAACCTCTCGGTA 
   CaN00281_putative_chs  CCGGGTTAATCTCAAAGAACATTGAAAAGAGCCTGAAAGAAGCATTTGAGCCTCTTGGTA 
   CaN00286_putative_chs  CCGGGTTAATCTCCAAGAACATTGAAAAGAGCCTGAAAGAAGCATTTGAGCCTCTCGGTA 
                          961                                                      1020 
            chs_CF588802  TTTCTGATTGGAACTCACTCTTCTGGATTGCACATCCTGGTGGGCCTGCAATTTTAGACC 
   CaN00287_putative_chs  TTTCTGATTGGAACTCACTCTTTTGGATTGTACATCCTGGTGGACCTGCAATTTTGGACC 
   CaN00280_putative_chs  TTTCTGATTGGAACTCACTCTTTTGGATTGTACATCCTGGTGGACCTGCAATTTTGGACC 
   CaN00281_putative_chs  TTTCTGACTGGAACTCACTCTTTTGGATTGCACATCCTGGTGGACCTGCAATTTTGGACC 
   CaN00286_putative_chs  TTTCTGATTGGAACTCACTCTTCTGGATTGCACATCCTGGTGGGCCTGCAATTTTAGACC 
                          1021                                                      1080 
            chs_CF588802  AGGTGGAGCAAAAACTGGCTCTTAAACCCGAAAAATTACGGGCTACTAGGCATGTGCTGA 
   CaN00287_putative_chs  AAGTGGTCGAAATATTGGCTCTTCAACCCGAAAAATTACGGGCTACTAGGCATGTGCTGA 
   CaN00280_putative_chs  AAGTGGTCGAAATATTGGCTCTTCAACCCGAAAAATTACGGGCTACTAGGCATGTGCTGA 
   CaN00281_putative_chs  AAGTGGAGGAAAAACTGGCTCTAAAGCCCAAAAAATTACGGGCTACTAGGCATGTGATGA 
   CaN00286_putative_chs  AGGTGGAGCAAAAACTGGCTCTTAAACCCGAAAAATTACGGGCTACTAGGCATGTGATGA 
                          1081                                                      1140 
            chs_CF588802  GTGAGTATGGAAATATGTCAAGTGCCTGTGTCGTGTTCATTCTTGACGAGATGAGAAAGG 
   CaN00287_putative_chs  GCGAGTATGGAAATATGTCAAGTGCCTGTGTCCTGTTCATTCTTGATGAGATGAGAAAGG 
   CaN00280_putative_chs  GCGAGTATGGAAATATGTCAAGTGCCTGTGTCCTGTTCATTCTTGATGAGATGAGAAAGG 
   CaN00281_putative_chs  GCGAGTATGGAAATATGTCAAGTGCCTGTGTCCTGTTCATTCTTGATGAGATGAGAAAGG 
   CaN00286_putative_chs  GCGAGTATGGAAATATGTCAAGTGCCTGTGTCCTGTTCATTCTTGATGAGATGAGAAAGG 
                          1141                                                      1200 
            chs_CF588802  CCTCAGCCAAGGATGGATTCAACACCACAGGGGAAGGCTTAGACTGGGGTGTGCTCTTTG 
   CaN00287_putative_chs  CCTCAATCAAGGATGGATTCAACACCACTGGGGAAGGCTCCGAATGGGGTGTGCTCTTTG 
   CaN00280_putative_chs  CCTCAATCAAGGATGGATTCAACACCACTGGGGAAGGCTCCGAATGGGGTGTGCTCTTTG 
   CaN00281_putative_chs  CCTCAGCCAAGGATGGATTCAACACCACAGGGGAAGGCTTAGAATGGGGTGTGCTCTTTG 
   CaN00286_putative_chs  CCTCAGCCAAGGATGGATTCAACACCACAGGGGAAGGCTTAGAATGGGGTGTGCTCTTTG 
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                          1201                                                      1260 
            chs_CF588802  GTTTTGGGCCTGGACTCACAGTTGAGACAGTGGTTCTTCACAGCGCCACGATTCAAAAGT 
   CaN00287_putative_chs  GTTTTGGGCCTGGACTCACAGTTGAGACAGTGGTTCTTCGCAGCGTCACCATTCCAAAGT 
   CaN00280_putative_chs  GTTTTGGGCCTGGACTCACAGTTGAGACAGTGGTTCTTCGCAGCGTCACCATTCCAAAGT 
   CaN00281_putative_chs  GTTTTGGGCCTGGACTCACAGTTGAGACAGTGGTTCTTCACAGCGCCACGATTCAAAAGT 
   CaN00286_putative_chs  GTTTTGGGCCTGGACTCACAGTTGAGACAGTGGTTCTTCACAGCGCCACGATTCAAAAGT 
                          1261                                                      1320 
            chs_CF588802  AA.TCATGTTTGAATCTTTCAATGAATATTCCNAATCTGTATTACTATGGAGTACTAAGT 
   CaN00287_putative_chs  AAATCATGTTTGAATCTTTCAATAAATATTCCACATCTGTATTACTGTGGAGTTCTAAGT 
   CaN00280_putative_chs  AAATCATGTTTGAATCTTTCAATAAATATTCCACATCTGTATTACTGTGGAGTTCTAAGT 
   CaN00281_putative_chs  AA.TAATGTTTGAATCTTTCAATGAATATTCCAAATCTGTATTACTATGGAGTACTAAGT 
   CaN00286_putative_chs  AA.TAATGTTTGAATCTTTCAATGAATATTCCAAATCTGTATTACTATGGAGTACTAAGT 
                          1321                                                      1380 
            chs_CF588802  AATTTTTTTTTTATGTGT.....................................G.... 
   CaN00287_putative_chs  AATTTTCTTTTTATGTGTGTCTTGCTTGGTTGAATGACCATTTAAGGTGTCGGTTTAAGC 
   CaN00280_putative_chs  AATTTTCTTTTTATGTGTGTCTTGCTTGGTTGAATGACCATTTAAGGTGTCGGTTTAAGC 
   CaN00281_putative_chs  AATTTTTTATGTGTGCCT.....................................TGAGT 
   CaN00286_putative_chs  AATTTTTTATGTGTGCCT.....................................TGAGT 
                          1381                                                      1440 
            chs_CF588802  ............................................................ 
   CaN00287_putative_chs  TTATGTAACAATCATGACAATAAGGTGTTACACCTTGTTTTGGCATATTTTGTTATAT.. 
   CaN00280_putative_chs  TTATGTAACAATCATGACAATAAGGTGTTACACCTTGTTTTGGCATATTTTGTTATAT.. 
   CaN00281_putative_chs  TTATGTAACAATCATGACAATAAGGTGTTACACCTTGTTCTGGTATATTTTGTCATATAT 
   CaN00286_putative_chs  TTATGTAACAATCATGACAATAAGGTGTTACACCTTGTTCTGGTATATTTTGTCATATAT 
                          1441                                                      1500 
            chs_CF588802  ............................................................ 
   CaN00287_putative_chs  .....GAAGAATTTGATTTCATTGCATCAAGAAGTTTGACATATTCCCATTGTTGTGGTA 
   CaN00280_putative_chs  .....GAAGAATTTGATTTCATTGCATCAAGAAGTTTGACATATTCCCATTGTTGTGGTA 
   CaN00281_putative_chs  GATATGAAGAACTTGATTTCAGTGCATCAAGAAGTTTGACGTATTCCCCTAGTAATTCTT 
   CaN00286_putative_chs  GATATGAAGAACTTGATTTCAGTGCATCAAGAAGTTTGACGTATTCCCCTAGTAATTCTT 
                          1501                                                          1557 
            chs_CF588802  ......................................................... 
   CaN00287_putative_chs  CATGATGACATGAATTGGATTCAGAGCATAAACCATAGTGGATCAATTGTCTTGAAG 
   CaN00280_putative_chs  CATGATGACATGAATTGGATTCAGAGCATAAACCATAGTGGATCAATTGTCTTGAAG 
   CaN00281_putative_chs  CATTGTTGTGAATCTT......................................... 
   CaN00286_putative_chs  CATTGTTGTGAATCTT.........................................
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      CaM55499_putative_gapdh  TTCTACCTCTCTTTA.AAGTAGTCCCATTTTCCTATTCTCTCAGC.TCACTCTCAATTAT 
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            gapdh_SGN-U619744  ..TCTCTCTTCTCTCGCTCTTGTTCTGCTG..TCCATACTTTGCTCTAAAACCCTTCTGT 
      CaN01934_putative_gapdh  TCTCTCTCTTCTCTCGCTCTTGTTCTGCTG..TCCATACTTTGCTCTAAAACCTTTCTGT 
      CaM00168_putative_gapdh  TCTCTCTCTTCTCTCGCTCTTGTTCTGCTG..TCCATACTTTGCTCTAAAACCTTTCTGT 
      CaM50536_putative_gapdh  AATAATACAACAATATTTGTGGGTGGATTGGACCCAAGTGTGACAGATGAGAATTTGAGG 
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            gapdh_SGN-U619744  GCTTTGGAAGAATTGGACGTTTGGTTGCTAGAGTTGCCTTGCAGAGGGATGATGTAGAAC 
      CaN01934_putative_gapdh  GCTTTGGAAGAATTGGACGTTTGGTTGCTAGAGTTGCCTTGCAGAGGGATGATGTAGAAC 
      CaM00168_putative_gapdh  GCTTTGGAAGAATTGGACGTTTGGTTGCTAGAGTTGCCTTGCAGAGGGATGATGTAGAAC 
      CaM50536_putative_gapdh  GSTTTGGAAGAATTGGACGTTTGGTTGCTAGAGTTGCCTTGCAGAGGGATGATGTAGAAC 
      CaM00068_putative_gapdh  GCTTTGGAAGAATTGGACGTTTGGTTGCTAGAGTTGTCTTGCAGAGGGATGATGTAGAAC 
      CaM55499_putative_gapdh  GCTTTGGAAGAATTGGACGTTTGGTTGCTAGAGTTGCCTTGCAGAGGGATGATGTAGAAC 
                               541                                                      600 
            gapdh_SGN-U619744  TTGTTGCTATTAATGATCCATTTATCACCACTGATTACATGACATATATGTTCAAGTATG 
      CaN01934_putative_gapdh  TTGTTGCTATTAATGATCCATTTATCACCACTGATTACATGACATATATGTTCAAGTATG 
      CaM00168_putative_gapdh  TTGTTGCTATTAATGATCCATTTATCACCACTGATTACATGACATATATGTTCAAGTATG 
      CaM50536_putative_gapdh  TTGTTGCTATTAATGATCCATTTATCACCACTGATTACATGACATATATGTTCAAGTATG 
      CaM00068_putative_gapdh  TTGTTGCTGTTAATGATCCATTTATCACCACTGATTACATGACATATATGTTCAAGTATG 
      CaM55499_putative_gapdh  TTGTTGCTATTAATGATCCATTTATCACCACTGATTACATGACATATATGTTCAAGTATG 
                               601                                                      660 
            gapdh_SGN-U619744  ATACTGTCCATGGACAATGGAAACATCATGAGGTTAAGGTTAAGGATGACAAGACCCTTC 
      CaN01934_putative_gapdh  ATACTGTCCATGGACAATGGAAACATCATGAGGTTAAGGTTAAGGATGACAAGACCCTTC 
      CaM00168_putative_gapdh  ATACTGTCCATGGACAATGGAAACATCATGAGGTTAAGGTTAAGGATGACAAGACCCTTC 
      CaM50536_putative_gapdh  ATACTGTCCATGGACAATGGAAACATCATGAGGTTAAGGTTAAGGATGACGAGACCCTTC 
      CaM00068_putative_gapdh  ATACTGTCCATGGACAATGGAAACATCATGAGGTTAAGGTTAAGGATGATAAGACCCTTC 
      CaM55499_putative_gapdh  ATACTGTCCATGGACAATGGAAACATCATGAGGTTAAGGTTAAGGATGACAAGACCCTTC 
                               661                                                      720 
            gapdh_SGN-U619744  TTTTCGGTGAAAAGCCAGTCAAAGTCTTTGGACTCAGGAATCCCGAAGAGATCCCTTGGG 
      CaN01934_putative_gapdh  TTTTCGGTGAAAAGCCAGTCAAAGTCTTTGGACTCAGGAATCCCGAAGAGATCCCTTGGG 
      CaM00168_putative_gapdh  TTTTCGGTGAAAAGCCAGTCAAAGTCTTTGGACTCAGGAATCCCGAAGAGATCCCTTGGG 
      CaM50536_putative_gapdh  TTTTCGGTGAAAAGCCAGTCAAAGTCTTTGGACTCAGGAATCCCGAAGAGATCCCTTGGG 
      CaM00068_putative_gapdh  TTTTCGGTGAAAAGCCAGTCAAAGTCTTTGGAATCAGGAATCCCGAAGAGATCCCTTGGG 
      CaM55499_putative_gapdh  TTTTCGGTGAAAAGCCAGTCAAAGTCTTTGGACTCAGGAATCCCGAAGAGATCCCTTGGG 
                               721                                                      780 
            gapdh_SGN-U619744  G.TGAAACTGGAGCAGATTTTGTGGTGGAGTCTACTGGAGTATTTACAGACAAGGACAAG 
      CaN01934_putative_gapdh  G.TGAAACTGGAGCAGATTTTGTGGTGGAGTCTACTGGAGTATTTACAGACAAGGACAAG 
      CaM00168_putative_gapdh  G.TGAAACTGGAGCAGATTTTGTGGTGGAGTCTACTGGAGTATTTACAGACAAGGACAAG 
      CaM50536_putative_gapdh  GGTGAAACTGGAGCAGATTTTGTGGTGGAGTCTACTGGAGTATTTACAGACAAGGACAAG 
      CaM00068_putative_gapdh  G.TGAAACTGGAGCAGAGTTTGTGGTGGAGTCTACTGGAGTATTTACAGACAAGGACAAG 
      CaM55499_putative_gapdh  G.TGAAACTGGAGCAGATTTTGTGGTGGAGTCTACTGGAGTATTTACAGACAAGGACAAG 
                               781                                                      840 
            gapdh_SGN-U619744  GCTGCTGCTCACTTGAAGGGCGGTGCAAAGAAGGTTGTTATTTCTGCTCCTAGCAAGGAT 
      CaN01934_putative_gapdh  GCTGCTGCTCACTTGAAGGGCGGTGCAAAGAAGGTTGTTATTTCTGCTCCTAGCAAGGAT 
      CaM00168_putative_gapdh  GCTGCTGCTCACTTGAAGGGCGGTGCAAAGAAGGTTGTTATTTCTGCTCCTAGCAAGGAT 
      CaM50536_putative_gapdh  GCTGCTGCTCACTTGAAGGGCGGTGCAAAGAAGGTTGTTATTTCTGCTCCTAGCAAGGAT 
      CaM00068_putative_gapdh  GCTGCTGCTCACTTGAAGGGCGGTGCAAAGAAGGTTGTTATTTCTGCTCCTAGCAAGGAT 
      CaM55499_putative_gapdh  GCTGCTGCTCACTTGAAGGGCGGTGCAAAGAAGGTTGTTATTTCTGCTCCTAGCAAGGAT 
                               841                                                      900 
            gapdh_SGN-U619744  GCACCCATGTTTGTTGTTGGTGTCAATGAAAAA.GAATACAAACCTGATTTAAATGTTGT 
      CaN01934_putative_gapdh  GCACCCATGTTTGTTGTTGGTGTCAATGAAAAA.GAATACAAACCTGATTTAAATGTTGT 
      CaM00168_putative_gapdh  GCACCCATGTTTGTTGTTGGTGTCAATGAAAAA.GAATACAAACCTGATTTAAATGTTGT 
      CaM50536_putative_gapdh  GCACCCATGTTTGTTGTTGGTGTCAATGAAAAAAGAATACAAACCTGATTTAAATGTTGT 
      CaM00068_putative_gapdh  GCACCCATGTTTGTTGTTGGTGTCAATGAAAAA.GAATACAAACCTGATTTAAATGTTGT 
      CaM55499_putative_gapdh  GCACCCATGTTTGTTGTTGGTGTCAATGAAAAA.GAATACAAACCTGATTTAAATGTTGT 
                               901                                                      960 
            gapdh_SGN-U619744  GTCCAATGCCAGTTGCACTACAAACTGTCTTGCCCCCCTGGCTAAGGTCATCAACGATAG 
      CaN01934_putative_gapdh  GTCCAATGCCAGTTGCACTACAAACTGTCTTGCCCCCTTGGCTAAGGTCATCAACGATAG 
      CaM00168_putative_gapdh  GTCCAATGCCAGTTGCACTACAAACTGTCTTGCCCCCCTGGCTAAGGTCATCAACGATAG 
      CaM50536_putative_gapdh  GTCCAATGCCAGTTGCACTACAAACTGTCTTGCCCCCCTGGCTAAGGTCATCAACGATAG 
      CaM00068_putative_gapdh  GTCCAATGCCAGTTGCACTACAAACTGTCTTGCCCCCTTGGCTAAGGTCATCAACGATAG 
      CaM55499_putative_gapdh  GTCCAATGCCAGTTGCACTACAAACTGTCTTGCCCCCCTGGCTAAGGTCATCAACGATAG 
                               961                                                      1020 
            gapdh_SGN-U619744  GTTTGGCATTGTTGAGGGCCTTATGACCACTGTGCACTCTATTACTGCGACTCAGAAGAC 
      CaN01934_putative_gapdh  GTTTGGCATTGTTGAGGGCCTTATGACCACTGTGCACTCTATTACTGC.ACTCAGAAGAC 
      CaM00168_putative_gapdh  GTTTGGCATTGTTGAGGGCCTTATGACCACTGTGCACTCTATTACTGCGACTCAGAAGAC 
      CaM50536_putative_gapdh  GTTTGGCATTGTTGAGGGCCTTATGACCACTGTGCACTCTATTACTGCGACTCAGAAGAC 
      CaM00068_putative_gapdh  GTTTGGCATTGTTGAGGGCCTTATGACCACTGTGCACTCTATTACTGCCACTCAGAAGAC 
      CaM55499_putative_gapdh  GTTTGGCATTGTTGAGGGCCTTATGACCACTGTGCACTCTATTACTGCGACTCAGAAGAC 
                               1021                                                      1080 
            gapdh_SGN-U619744  TGTTGATGGTCCTTCAAGCAAGGACTGGAGAGGGGGAAGAGCTGCTTCATTTAACATTAT 
      CaN01934_putative_gapdh  TGTTGATGGTCCTTCAAGCAAGGACTGGAGAGGGGGAAGAGCTGCTTCATTTAACATTAT 
      CaM00168_putative_gapdh  TGTTGATGGTCCTTCAAGCAAGGACTGGAGAGGGGGAAGAGCTGCTTCATTTAACATTAT 
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      CaM50536_putative_gapdh  TGTTGATGGTCCTTCAAGCAAGGACTGGANAGGGGGAAGAGCTGCTTCATTTAACATTAT 
      CaM00068_putative_gapdh  TGTTGATGGTCCTTCAAGCAAGGACTGGAGAGGGGGAAGAGCTGCTTCATTTAACATTAT 
      CaM55499_putative_gapdh  TGTTGATGGTCCTTCAAGCAAGGACTGGAGAGGGGGAAGAGCTGCTTCATTTAACATTAT 
                               1081                                                      1140 
            gapdh_SGN-U619744  TCCCAGTAGCACTGGAGCTGCCAAGGCTGTTGGGAAAGTTCTTCCAGCCCTCAATGGTAA 
      CaN01934_putative_gapdh  TCCCAGTAGCACTGGAGCTGCCAAGGCTGTTGGGAAAGTTCTTCCAGCCCTCAATGGTAA 
      CaM00168_putative_gapdh  TCCCAGTAGCACTGGAGCTGCCAAGGCTGTTGGGAAAGTTCTTCCAGCCCTCAATGGTAA 
      CaM50536_putative_gapdh  TCCCAGTAGCACTGGAGCTGCCAAGGCTGTTGGGAAAGTTCTTCCAGCCCTCAATGGTAA 
      CaM00068_putative_gapdh  TCCCAGTAGCACTGGAGCTGCCAAGGCTGTTGGGAAAGTTCTTCCAGCCCTCAATGGTAA 
      CaM55499_putative_gapdh  TCCCA....................................................... 
                               1141                                                      1200 
            gapdh_SGN-U619744  ATTGACTGGAATGGCATTCCGAGTTCCAACAGTAGATGTTTCAGTTGTGGATCTGACTGT 
      CaN01934_putative_gapdh  ATTGACTGGAATGGCATTCCGAGTTCCAACAGTAGATGTTTCAGTTGTGGATCTGACTGT 
      CaM00168_putative_gapdh  ATTGACTGGAATGGCATTCCGAGTTCCAACAGTAGATGTTTCAGTTGTGGATCTGACTGT 
      CaM50536_putative_gapdh  ATTGACTGGAATGGCATTCCGAGTTCCAACAGTAGATGTTTCAGTTGTGGATCTGACTGT 
      CaM00068_putative_gapdh  ATTGACTGGAATGGCATTCCGAGTTCCAACAGTAGATGTTTCAGTTGTGGATCTGACTGT 
      CaM55499_putative_gapdh  ............................................................ 
                               1201                                                      1260 
            gapdh_SGN-U619744  TAGATTGGATAAACCTGCTACCTATGAGCAGATC.AAAACTGCCATTAAGGAGGAGGCTG 
      CaN01934_putative_gapdh  TAGATTGGATAAACCTGCTACCTATGAGCAGATC.AAAACTGCCATTAAGGAGGAGGCTG 
      CaM00168_putative_gapdh  TAGATTGGATAAACCTGCTACCTATGAGCAGATC.AAAACTGCCATTAAGGAGGAGGCTG 
      CaM50536_putative_gapdh  TAGATTGGATAAACCTGCTACCTATGAGCAGATCTAAAACTGCCATTAAGGAGGAGGC.. 
      CaM00068_putative_gapdh  TAGATTGGATAAACCTGCTACCTATGAGCAGATC.AAAACTGCCATTAAGGAGGAGGCTG 
      CaM55499_putative_gapdh  ............................................................ 
                               1261                                                      1320 
            gapdh_SGN-U619744  CGGGCAAACTCAAGGGAGTTTTAGGCTATACTGAAGAGGATGTGGTATCTTCAGATTTCA 
      CaN01934_putative_gapdh  CGGGCAAACTCAAGGGAGTTTTAGGCTATACTGAAGAGGATGTGGTATCTTCAGATTTCA 
      CaM00168_putative_gapdh  CGGGCAAACTCAAGGGAGTTTTAGGCTATACTGAAGAGGATGTGGTATCTTCAGATTTCA 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  GGGGCAAACTCAAGGGAGTTTTAGGCTATACTGAAGAGGATGTGGTATCTTCAGATTTCA 
      CaM55499_putative_gapdh  ............................................................ 
                               1321                                                      1380 
            gapdh_SGN-U619744  TCGGTGATAGCAGGTCAAGCATCTTCGATGCTAAGGCAGGGATTGCTTTGAATGAGAAGT 
      CaN01934_putative_gapdh  TCGGTGATAGCAGGTCAAGCATCTTCGATGCTAAGGCAGGGATTGCTTTGAATGAGAAGT 
      CaM00168_putative_gapdh  TCGGTGATAGCAGGTCAAGCATCTTCGATGCTAAGGCAGGGATTGCTTTGAATGAGAAGT 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  TCGGTGATAGCAGGTCAAGCATCTTCGATGCTAAGGCAGGGATTGCTTTGAATGAGAAGT 
      CaM55499_putative_gapdh  ............................................................ 
                               1381                                                      1440 
            gapdh_SGN-U619744  ATGTGAAACTTGTTGCATGGTACGATAACGAAGTGGGTTACAGTACTCGCGTGGTTGATT 
      CaN01934_putative_gapdh  ATGTGAAACTTGTTGCATGGTACGATAACGAAGTGGGTTACAGTACTCGCGTGGTTGATT 
      CaM00168_putative_gapdh  ATGTGAAACTTGTTGCATGGTACGATAACGAAGTGGGTTACAGTACTCGCGTGGTTGATT 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  ATGTGAAACTTGTTGCATGGTACGATAACGAAGTGGGTTACAGTACTCGCGTGGTTGATT 
      CaM55499_putative_gapdh  ............................................................ 
                               1441                                                      1500 
            gapdh_SGN-U619744  TGATTGTCCACATGGCTTCAGTTAAAGCTTGAGGCTTC...CAATGAGATTGTGAAAGTG 
      CaN01934_putative_gapdh  TGATTGTCCACATGGCTTCAGTTAAAGCTTGAGGCTTCTTCCAATGAGATTGTGAAAGTG 
      CaM00168_putative_gapdh  TGATTGTCCACATGGCTTCAGTTAAAGCTTGAGGCTTC...CAATGAGATTGTGAAAGTG 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  TGATTGTCCACATGGCTTCAGTTAAAGCTTGAGGCTTCTTCCAATGAGATTGTGAAAGTG 
      CaM55499_putative_gapdh  ............................................................ 
                               1501                                                      1560 
            gapdh_SGN-U619744  CAGCACTTCATGGTTCTGAGTTGAAACCTAGGATTTTCTCTCGCCTGCCGAGTTTCTTGC 
      CaN01934_putative_gapdh  CAGCACTTCATGGTTCTGAGTTGAAACCTAGGATTT.CTCTCGCCTGCCGAGTTTCTTGC 
      CaM00168_putative_gapdh  CAGCACTTCATGGTTCTGAGTTGAAACCTAGGATTTTCTCTCGCCTGCCGAGTTTCTTGC 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  CAGCACTTCATGGTTCTGAGTTGAAACCTAGGATTT.CTCTCGCCTGCCGAGTTTCTTGC 
      CaM55499_putative_gapdh  ............................................................ 
                               1561                                                      1620 
            gapdh_SGN-U619744  AGTTTTTCCTAATGTCTGTGGAATAAGAGTTTCTTAATCGGACGTAATAGA.ATGTTTTT 
      CaN01934_putative_gapdh  AGTTTTTCCTAATGTCTGTGGAATAAGAGTTTCTTAATCGGACGTAATAGA.....TTGT 
      CaM00168_putative_gapdh  AGTTTTTCCTAATGTCTGTGGAATAAGAGTTTCTTAATCGGACGTAATAGA.ATTTGTTT 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  AGTTTTTCCTAATGTCTGTGGAATAAGAGTTTCTTAATCGGACGTAATAGATATGTTTTT 
      CaM55499_putative_gapdh  ............................................................ 
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                               1621                                                      1680 
            gapdh_SGN-U619744  TTTTTTTTTTC...GGTTCCCTTTTTTTCACC.ATGGGAATCAG...GGTTGTGTTTATC 
      CaN01934_putative_gapdh  TTTTTTTTTTC....TGTTCCCTTTTTTCACC.ATGTGAATCATCATGGTTGTGTTTATC 
      CaM00168_putative_gapdh  TTTTTTTTTCTT..GTTTCCCTTTTTTTCACCTATGTGAATCAT...GGTTGTGTTTATC 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  TTTTTTTTTTCTCTGTTTCCCTTTTTTCTACCTATGTGAATCATCATGGTTGTGTTTATC 
      CaM55499_putative_gapdh  ............................................................ 
                               1681                                                      1740 
            gapdh_SGN-U619744  .ACTTTTGAAGGGCTGAAATGTGGAAACTATTTTGGGAATTAAAAAATTCGGAATAAGTA 
      CaN01934_putative_gapdh  .ACTTTTGAAGTGCTGAGATGTGGAAACTATTTTGGGAATTAGAAGATTCGGAATAAGTA 
      CaM00168_putative_gapdh  TACTTTTGAAGTGCTGAGATGTGGAAACTATTTTGGGAATTAGAAGATTCGGAATAAGTA 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  TACTTTTGAAGTGCTGAGATGTGGAAACTATTTTGGGAATTAGAAGATTCGGAATAAGTA 
      CaM55499_putative_gapdh  ............................................................ 
                               1741                                                      1800 
            gapdh_SGN-U619744  A.GTCTTTTTCCTGGTAAAA........................................ 
      CaN01934_putative_gapdh  TTGTCTTTTTCCTGGTTTTTGTCGTGGATATATTATGTTCGTGCGGGTTTCTTCGGTGGT 
      CaM00168_putative_gapdh  A.GTCTTTTTCCTGGT...........AWAWAWWAWRWTCGTGCAGGTTTCTTTGGTGGT 
      CaM50536_putative_gapdh  ............................................................ 
      CaM00068_putative_gapdh  TTGTCTTTTTCCTGGTTTTTGTCGTGGABRTATTATGTTCGTGCGGGTTTCTTCGGTGGT 
      CaM55499_putative_gapdh  ............................................................ 
                               1801                                               1846 
            gapdh_SGN-U619744  .............................................. 
      CaN01934_putative_gapdh  .............................................. 
      CaM00168_putative_gapdh  ACTAAAAAAANAAAAAGTAAAAACTCTGCGTTGATACCACTTGCTT 
      CaM50536_putative_gapdh  .............................................. 
      CaM00068_putative_gapdh  ..CGAAATTGTGTATAATCATCAGTTAGCAA.GATTCCACGT.... 
      CaM55499_putative_gapdh  ..............................................
51
gt
Name: gt_CO773975              Len: 1818  Check:  3195    Weight: 1.00 
Name:    CaN08462_putative_gt  Len: 1818  Check:  3990    Weight: 1.00 
Name: CaM09676_putative_gt     Len: 1818  Check:  5942    Weight: 1.00 
// 
                         1                                                      60 
            gt_CO773975  TCGAGCGGCCGCCCGGGCAGGTACTCGTCACTCCAGCAACAACCACCATTATTTGAGCTC 
   CaN08462_putative_gt  ............................................................ 
   CaM09676_putative_gt  ............................................................ 
                         61                                                      120 
            gt_CO773975  TCGAAGATTGTGAATTTCTAGAGAATCCATACCGTGGTCCCGTGGTTAGTGCAAATGGAA 
   CaN08462_putative_gt  ......................GAATCCATACCCTGGCCTCGTGGTTAGAGCAAATGGAA 
   CaM09676_putative_gt  ............................................................ 
                         121                                                      180 
            gt_CO773975  ACTCACAAAGCTCATTGCTTGATATTTCCATGTGCCGCACAAGGACATATAAACCCTATG 
   CaN08462_putative_gt  ACTCACAAAGCTCATTGCTTGATATTTCCATGTGCCGCGCAAGGACATATAAACCCTATG 
   CaM09676_putative_gt  ..................................CTAAGCAGTGG..TATCAACGCAG.. 
                         181                                                      240 
            gt_CO773975  CTCCAGTTTGCCAAGCGTTTGCAACATCAAGGCACCAAAATCACCCTTGCGACAACTAAA 
   CaN08462_putative_gt  CTCCAGTTTGCCAAGCGTTTGCAACATCAAGGCACCAAAATCACCCTTGCGACAACTAAA 
   CaM09676_putative_gt  ....AGTACATGGGGGTTTTGCAACATCAAGGCACCAAAATCACCCTTGCGACAACTAAA 
                         241                                                      300 
            gt_CO773975  TTCTTCTTCAAAACCTTGCAAGACGTCTCGGGGTCAATCGCAGTGGAGACCATCTCTGAT 
   CaN08462_putative_gt  TTCTTCTTCAAAACCTTGCAAGACGTCTCGGGGTCAATCGCAGTGGAGACCATCTCTGAT 
   CaM09676_putative_gt  TTCTTCTTCAAAACCTTGCAAGACGTCTCGGGGTCAATCGCAGTGGAGACCATCTCTGAT 
                         301                                                      360 
            gt_CO773975  GGATATGATGAAGGAGCAAATGAAGTGCCCCTTGATACATATAATGCTGTGTTTCAAANG 
   CaN08462_putative_gt  GGATATGATGAAGGAGCAAATGAAGTGCCCCTTGATACATATAATGCTGTGTTTCAAAAG 
   CaM09676_putative_gt  GGATATGATGAAGGAGCAAATGAAGTGCCCCTTGATACATATAATGCTGTGTTTCAAAAG 
                         361                                                      420 
            gt_CO773975  GT.GGCTCA.AAAATCTTACTGAGCTA.TCTTGAAGCTTAAG.................. 
   CaN08462_putative_gt  GTTGGCTCAGAAAATCTTACTGAGCTAATCTTGAAGCTTAAAGATCTGGGTTGTCCTGTT 
   CaM09676_putative_gt  GTTGGCTCAGAAAATCTTACTGAGCTAATCTTGAAGCTTAAAGATCTGGGTTGTCCTGTT 
                         421                                                      480 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  GATTGTATTGTTTATGATGCACTCGTTTATTGGGCTTTGGATGTGGCCAAAAGTCTCGGC 
   CaM09676_putative_gt  GATTGTATTGTTTATGATGCACTCGTTTCTTGGGCTTTGGATGTGGCCAAAAGTCTCGGC 
                         481                                                      540 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  TTACGTGCTGCTGCGTTCTTCACTCAATCTTGTGCTGTCTACAAGATCTACTACCATGTC 
   CaM09676_putative_gt  TTACGTGCTGCTGCGTTCTTCACTCAATCTTGTGCTGTCTACAAGATCTACTACCATGTC 
                         541                                                      600 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  TACGCAGGCCTTTTGAAACTTCCTCTGGAGGAGTCTAAAGTGGAAATTCCCGGCTTACCA 
   CaM09676_putative_gt  TACGCAGGCCTTTTGAAACTTCCTCTGGAGGAGTCTAAAGTGGAAATTCCCGGCTTACCA 
                         601                                                      660 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  CCACTTTTGGCTTCAGATCTGCCTTCTTTTTTTTCTAATTACGGTTCATATCCGCCAATT 
   CaM09676_putative_gt  CCACTTTTGGCTTCAGATCTGCCTTCTTTTTTTTCTAATTACGGTTCATATCCGCCAATT 
                         661                                                      720 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  TTTCAGATGGTTGCATATGACCAAATGAAGAACATTCATGAAGCTGACTGGATCTTCTGC 
   CaM09676_putative_gt  TTTCAGATGGTTGCATATGACCAAATGAAGAACATTCATGAAGCTGACTGGATCTTCTGC 
                         721                                                      780 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AACACATTTTACAAGTTGGAGGAGGAGGTGATTGACTGCACATCCAAGATCCTACCAATA 
   CaM09676_putative_gt  AACACATTTTACAAGTTGGAGGAGGAGGTGATTGACTGCACATCCAAGATCCTACCAATA 
                         781                                                      840 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AAGACGATTGGACCAACTATTCCATCTATGTACCTTGACAAGCGCCTTCAAGATGACAAG 
   CaM09676_putative_gt  AAGACGATTGGACCAACTATTCCATCTATGTACCTTGACAAGCGCCTTCAAGATGACAAG 
52
                         841                                                      900 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  CAGTATGGTCTCGGTCGTTTTATGCCAATGACTAATGATTGCATGCCATGGCTAAACGAA 
   CaM09676_putative_gt  CAGTATGGTCTCGGTCGTTTTATGCCAATGACTAATGATTGCATGCCATGGCTAAACGAA 
                         901                                                      960 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AGATCAACCAGTTCGGTTGTTTATGTATCATTTGGAAGTTTGGCAGAACTTGATGCTGAG 
   CaM09676_putative_gt  .GATCAACCAGTTCGGTTGTTTATGTATCATTTGGAAGTTTGGCAGAACTTGACGCTGAG 
                         961                                                      1020 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  CAGATGGAAGAAGTAGCCCAGGGCTTGAGAACTAGCAATTACTATTTTCTATGGGTGGTT 
   CaM09676_putative_gt  CAGATGGAAGAAGTAGCCCAGGGCTTGAGAACTAGCAATTACTATTTTCTATGGGTGGTT 
                         1021                                                      1080 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AGAGAATCAGAATCAAATAAGCTGCCAAAAGATTTTGTTAAAGAAACATCTGATAGAGGA 
   CaM09676_putative_gt  AGAGAATCAGAATCAAATAAGCTGCCAAAAGATTTTGTTAAAGAAACATCTGATAGAGGA 
                         1081                                                      1140 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  TTATTCATTTCATGGTGCCCTCAGCTTGAAGTTTTAGCCCACAAATCTATAGGGTGCTTT 
   CaM09676_putative_gt  TTATTCATTTCATGGTGCCCTCAGCTTGAAGTTTTAGCCCACAAATCTATAGGGTGCTTT 
                         1141                                                      1200 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  .ATCACTCATTGTGGATGGAATTCAACATTGGAGGCCTTAAGTTTGGGGGTCCCAATGAT 
   CaM09676_putative_gt  TATCACTCATTGTGGATGGAATTCAACATTGGAGGCCTTAAGTTTGGGGGTCCCAATGAT 
                         1201                                                      1260 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AGGCATGCCACAATGGATCGATCAAAGTACAAACGCCAAGTTTGTAGTGGACATCTGGAA 
   CaM09676_putative_gt  AGGCATGCCACAATGGATCGATCAAAGTACAAACGCCAAGTTTGTAGTGGACATCTGGAA 
                         1261                                                      1320 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AACGGGAATCAAAGCTCAGCCAGATGAAACTGGAATTGTTAGAAGAGATGTCATTCATGA 
   CaM09676_putative_gt  AACGGGAATCAAAGCTCAGCCAGATGAAACTGGAATTGTTAGAAGAGATGTCATTCATGA 
                         1321                                                      1380 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  ATGCATAAGCGTAGTGATGGAGGGGGAGAAAGGACAAGAGATTA.GGAAAAACGCAGATA 
   CaM09676_putative_gt  ATGCATAAGCGTAGTGATGGAGGGGGAGAAAGGACAAGAGATTAAGGAAAAACGCAGATA 
                         1381                                                      1440 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  ACTGGAAGGATTTGGCAAGGAAGGCTTTTGATGACGGGGGAAGTTCAGATAAAAACATTA 
   CaM09676_putative_gt  ACTGGAAGGATTTGGCAAGGAAGGCTTTTGATGACGGGGGAAGTTCAGATAAAAACATTA 
                         1441                                                      1500 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AAGACTTTGTATCCAAATTGATTCAGTCTTGAAGAGATAATAAAGTTGATCTGTCTTATC 
   CaM09676_putative_gt  AAGACTTTGTATCCAAATTGATTCAGTCTTGAAGAGATAATAAAGTTGATCTGTCTTATC 
                         1501                                                      1560 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  CAAATTGATTCAGACTTGAAGAGATAATAAAGTAGATTTGTCTTCTTCAATGATAATCAA 
   CaM09676_putative_gt  CAAATTGATTCAGACTTGAAGAGATAATAAAGTAGATTTGTCTTCTTCAATGATAATCAA 
                         1561                                                      1620 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  AGGCAACCAGGTGACTGTCACATGAATTTTTGACGAAAAGTAACCACACATTTGTCTGGA 
   CaM09676_putative_gt  AGGCAACCAGGTGACTGTCACATGAATTTTTGACGAAAAGTAACCACACATTTGTCTGGA 
                         1621                                                      1680 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  TCCACTAGCAACTGCAGTAGAAACGTGGTATTCCTGGTGCCATTAATATCTAGAAAGTAG 
   CaM09676_putative_gt  TCCACTAGCAACTGCAGTAGAAACGTGGTATTCCTGGTGCCATTAATATCTAGAAAGTAG 
                         1681                                                      1740 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  ACTATAGCATAGAGGATATAGCACACACTGTCCCAAGTAGTGCACGCAAGTTTGCAATCC 
   CaM09676_putative_gt  ACTATAGCATAGAGGATATAGCACACACTGTCCCAAGTAGTGCACGCAAGTT..CAATTC 
53
                         1741                                                      1800 
            gt_CO773975  ............................................................ 
   CaN08462_putative_gt  TCTAAGGTAGAACCACTGAATTCTATAAAATTTATTTGACGTGTAGGGTACCGTATAACC 
   CaM09676_putative_gt  ...AATGTGAA..TACTAGAGTTTGCATCCTCTAAGTAGACCACTGAATTCTATA.AATT 
                         1801                   1818 
            gt_CO773975  .................. 
   CaN08462_putative_gt  TATCTC............ 
   CaM09676_putative_gt  TATTTGTACGTGTAGGTA
54
pal
Name: pal_AF218454                 Len: 2111  Check:  5582    Weight: 1.00 
Name: CaM01245_putative_pal        Len: 2111  Check:  1099    Weight: 1.00 
Name:       CaN08172_putative_pal  Len: 2111  Check:  5815    Weight: 1.00 
// 
                             1                                                      60 
               pal_AF218454  GATTGGGTGATGGATAGGATGGGAAAGGGCACTGATAGTTACGGTATCACCACCGGCTTT 
      CaM01245_putative_pal  ATGGGGGTTATGGAGAGCATGAGAAAGGGCACTGATAGTTACGGTATCACCACCGGCTTT 
      CaN08172_putative_pal  ......GTTATGGAGAGCATGAGAAAGGGCACTGATAGTTACGGTATCACCACCGGCTTT 
                             61                                                      120 
               pal_AF218454  GGTGCAACGTCACACAGGAGAACCAAACACGGCGGAGCTCTCCAGGAGGAGCTCATTCGA 
      CaM01245_putative_pal  GGTGCAACGTCACACAGGAGAACCAAACACGGCGGAGCTCTCCAGGAGGAGCTCATTCGA 
      CaN08172_putative_pal  GGTGCAACGTCACACAGGAGAACCAAACACGGCGGAGCTCTCCAGGAGGAGCTCATTCGA 
                             121                                                      180 
               pal_AF218454  TTCTTGAATGCTGGAATTTTTGGCAACGGGACCGAAACATGTCACACATTGCCTCACTCG 
      CaM01245_putative_pal  TTCTTGAATGCTGGAATTTTTGGCAACGGGACCGAAACATGTCACACATTGCCTCACTCG 
      CaN08172_putative_pal  TTCTTGAATGCTGGAATTTTTGGCAACGGGACCGAAACATGTCACACATTGCCTCACTCG 
                             181                                                      240 
               pal_AF218454  GCAACAAGGGCTTCGATGCTTGTTCGAATCAACACCCTCCTTCAGGGGTACTCTGGCATC 
      CaM01245_putative_pal  GCAACAAGGGCTTCGATGCTTGTTCGAATCAACACCCTCCTTCAGGGGTACTCTGGCATC 
      CaN08172_putative_pal  GCAACAAGGGCTTCGATGCTTGTTCGAATCAACACCCTCCTTCAGGGGTACTCTGGCATC 
                             241                                                      300 
               pal_AF218454  AGATTTGAGATTCTGGAAGCTATTACAAAGCTTCTCAACAATAATATCACCCCATGTTTG 
      CaM01245_putative_pal  AGATTTGAGATTCTGGAAGCTATTACAAAGCTTCTCAACAATAATATCACCCCATGTTTG 
      CaN08172_putative_pal  AGATTTGAGATTCTGGAAGCTATTACAAAGCTTCTCAACAATAATATCACCCCATGTTTG 
                             301                                                      360 
               pal_AF218454  CCCCTCCGCGGAACGATCACCGCCTCCGGTGATTTGGTTTCACTCTCCTACATTGTTGGA 
      CaM01245_putative_pal  CCCCTCCGCGGAACGATCACCGCCTCCGGTGATTTGGTTCCACTCTCCTACATTGTTGGA 
      CaN08172_putative_pal  CCCCTCCGCGGAACGATCACCGCCTCCGGTGATTTGGTTCCACTCTCCTACATTGTTGGA 
                             361                                                      420 
               pal_AF218454  TTATTAACAGGTCGACCAAATTCCAAGGCTGTTGGACCTGATGGAAAATTTGTCAATGCT 
      CaM01245_putative_pal  TTATTAACAGGTCGACCAAATTCCAAGGCTGTTGGACCTGATGGAAAATTTGTCAATGCT 
      CaN08172_putative_pal  TTATTAACAGGTCGACCAAATTCCAAGGCTGTTGGACCTGATGGAAAATTTGTCAATGCT 
                             421                                                      480 
               pal_AF218454  ACTGAAGCATTCAACCTGGCGGGGATTGACACTGGATTTTTCGAGCTGCAGGCAAAAGAA 
      CaM01245_putative_pal  ACTGAAGCATTCAGCCTGGCGGGGATTGACACTGGATTTTTCGAGCTGCAGGCAAAAGAA 
      CaN08172_putative_pal  ACTGAAGCATTCAGCCTGGCGGGGATTGACACTGGATTTTTCGAGCTGCAGGCGAAAGAA 
                             481                                                      540 
               pal_AF218454  GGCCTTGCACTTGTGAATGGCACTGCTGGTGGCTCTGGCTTGGCTTCCATGGTTCTCTTT 
      CaM01245_putative_pal  GGCCTTGCACTTGTGAATGGCACTGCTGTTGGCTCTGCCTTGGCTTCCATGGTTCTCTTT 
      CaN08172_putative_pal  GGCCTTGCACTTGTGAATGGCACTGCTGTTGGCTCTGGCTTGGCTTCCATGGTTCTCTTT 
                             541                                                      600 
               pal_AF218454  GAGGCTAATATTCCTTGCTG........................................ 
      CaM01245_putative_pal  GAGGCTAATATTC.TTGCTGTTCTTGCTGAAGTTCTTTCAGGAATTTTTGCTGAAGTTAT 
      CaN08172_putative_pal  GAGGCTAATATTC.TTGCTGTTCTTGCTGAAGTTCTTTCAGGAATTTTTGCTGAAGTTAT 
                             601                                                      660 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  GCACGGGAAGCCAGAGTTTACAGACCATTTGACTCATAAACTGAAGCACCATCCTGGTCA 
      CaN08172_putative_pal  GCACGGGAAGCCAGAGTTTACAGACCATTTGACTCATAAACTGAAGCACCATCCTGGTCA 
                             661                                                      720 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AATTGAGGCCGCAGCTATTATGGAACACATTTTGGATGGAAGTTCATTTGTTAAAGAAGC 
      CaN08172_putative_pal  AATTGAGGCCGCAGCTATTATGGAACACATTTTGGATGGAAGTTCATTTGTTAAAGAAGC 
                             721                                                      780 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TCAGAGGGTTMATGAATTCGACCCTTTGCAAAAGCCCAAACAAGATCGTTATGCACTCCG 
      CaN08172_putative_pal  TCAGAGGGTTAATGAATTCGACCCTTTGCAAAAGCCCAAACAAGATCGTTATGCACTCCG 
                             781                                                      840 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AACATCCCCACAATGGCTAGGTCCATTGATTGAAGTCATCAGGGCTTCGACAAAATCCAT 
      CaN08172_putative_pal  AACATCCCCACAATGGCTAGGTCCATTGATTGAAGTCATCAGGGCTTCGACAAAATCCAT 
55
                             841                                                      900 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  CGAAAGAGAGATCAATTCTGTGAATGACAATCCTTTGATCGACGTTTCCCGGAATAAGGC 
      CaN08172_putative_pal  CGAAAGAGAGATCAATTCTGTGAATGACAATCCTTTGATCGACGTTTCCCGGAATAAGGC 
                             901                                                      960 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  CTTACATGGTGGGAACTTTCAAGGTACACCAATTGGAGTCTCGATGGATAACACCCGTCT 
      CaN08172_putative_pal  CTTACATGGTGGGAACTTTCAAGGTACACCAATTGGAGTCTCGATGGATAACACCCGTCT 
                             961                                                      1020 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AGCAATTGCATCAATTGGTAAACTCATGTTCGCACAATTTTCTGAGCTGGTTAATGACTT 
      CaN08172_putative_pal  AGCAATTGCATCAATTGGTAAACTCATGTTCGCACAATTTTCTGAGCTGGTTAATGACTT 
                             1021                                                      1080 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TTACAACAATGGATTGCCTTCAAACCTATCTGGGGGACGTAATCCAAGTTTGGACTATGG 
      CaN08172_putative_pal  TTACAACAATGGATTGCCTTCAAACCTATCTGGGGGACGTAATCCAAGTTTGGACTATGG 
                             1081                                                      1140 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TTTCAAAGGTGCTGAAATTGCCATGGCAGCTTACTGCTCTGAACTTCAGTTCCTAGCCAA 
      CaN08172_putative_pal  TTTCAAAGGTGCTGAAATTGCCATGGCAGCTTACTGCTCTGAACTTCAGTTCCTAGCCAA 
                             1141                                                      1200 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TCCTGTCACAAACCATGTGCAAAGTGCAGAGCAACACAACCAAGATGTCAACTCATTAGG 
      CaN08172_putative_pal  TCCTGTCACAAACCATGTGCAAAGTGCAGAGCAACACAACCAAGATGTCAACTCATTAGG 
                             1201                                                      1260 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  ATTGATCTCATCAAGAAAAACAGCAGAAGCTGTGGACATATTGAAGCTCATGTCATCGAC 
      CaN08172_putative_pal  ATTGATCTCATCAAGAAAAACAGCAGAAGCTGTGGACATATTGAAGCTCATGTCATCGAC 
                             1261                                                      1320 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  CTATTTGGTTGCATTGTGCCAGGCAATTGACCTGAGGCACCTGGAGGAGAACTTGAAGGC 
      CaN08172_putative_pal  CTATTTGGTTGCATTGTGCCAGGCAATTGACCTGAGGCACCTGGAGGAGAACTTGAAGGC 
                             1321                                                      1380 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  CTCAGTGAAAAACACAGTTAGCCTTGTAGCCAAGAAAGTGCTAACAATGGGCTACAATGG 
      CaN08172_putative_pal  CTCAGTGAAAAACACAGTTAGCCTTGTAGCCAAGAAAGTGCTAACAATGGGCTACAATGG 
                             1381                                                      1440 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  CGAATTGCACCCATCTAGATTCTGCGAAAAAGACTTGCTCAAAGTGGTGGACAGAGAGCA 
      CaN08172_putative_pal  CGAATTGCACCCATCTAGATTCTGCGAAAAAGACTTGCTCAAAGTGGTGGACAGAGAGCA 
                             1441                                                      1500 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TGTTTTTGCTTACATTGATGACCCCTGTAGTGGAACCTACCCCCTCATGCAAAAGCTAAG 
      CaN08172_putative_pal  TGTTTTTGCTTACATTGATGACCCCTGTAGTGGAACCTACCCCCTGATGCAAAAGCTAAG 
                             1501                                                      1560 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  GCAAGTCCTAGTGGAGCACTCCTTAGCAAATGGGGACAAGGAGAAGGACGCAACCACTTC 
      CaN08172_putative_pal  GCAAGTCCTAGTGGAGCACTCCTTAGCAAATGGGGACAAGGAGAAGGACGCAACCACTTC 
                             1561                                                      1620 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AATTTTCCAAAAGATCGGTGCCTTTGAGGATGAACTAAAGGCCCTTTTGCCCAAAGAAGT 
      CaN08172_putative_pal  AATTTTCCAAAAGATCGGTGCCTTTGAGGATGAACTAAAGGCCCTTTTGCCCAAAGAAGT 
                             1621                                                      1680 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  GGAGAGTGCTAGATGTGAGCTGGAGAATGGAAAGCCAGGCATTGCCAATCGTATCAAGGA 
      CaN08172_putative_pal  GGAGAGTGCTAGATGTGAGCTGGAGAATGGAAAGCCAGGCATTGCCAATCGTATCAAGGA 
                             1681                                                      1740 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TTGCAGGTCCTACTCATTATACAAGCTTGTGAGGGGAGAGTTGGGGACCAATTTCCTGAC 
      CaN08172_putative_pal  TTGCAGGTCCTACTCATTATACAAGCTTGTGAGGGGAGAGTTGGGGACCAATTTCCTGAC 
56
                             1741                                                      1800 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TGGTGAGAAGGTGAGATCACCTGGAGAAGAATTTGACAAGGTATTCACTGCCATATGTGA 
      CaN08172_putative_pal  TGGTGAGAAGGTGAGATCACCTGGAGAAGAATTTGACAAGGTATTCACTGCCATATGTGA 
                             1801                                                      1860 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AGGGAAGTTGATTGATCCATTGCTGGATTGTTTGAAAGAGTGGAATGGTGCTCCCCGTCC 
      CaN08172_putative_pal  AGGGAAGTTGATTGATCCATTGCTGGATTGTTTGAAAGAGTGGAATGGTGCTCCCCGTCC 
                             1861                                                      1920 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AATTTGCTAAGATGTTTTCTTCATACTGTGGTTCATTTATTAAATTTCTTGAAATTTGTT 
      CaN08172_putative_pal  AATTTGCTAAGATGTTTTCTTCATACTGTGGTTCATTTATTAAATTTCTTGAAATTTGTT 
                             1921                                                      1980 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  TTTTTTTCCTAGTTTGCCCTCTTTTGGGAATGTTGTATCCAAGTTGTCACTAGCTTGTTT 
      CaN08172_putative_pal  TTTTTTTCCTAGTTTGCCCTCTTTTGGGAATGTTGTATCCAAGTTGTCACTAGCTTGTTT 
                             1981                                                      2040 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  AAGATCCTTGTATTTTCGTCTTATACTGATATTGTTCGTTGCCATAAATGTTGAACTTCA 
      CaN08172_putative_pal  AAGATCCTTGTATTTTCGTCTTATACTGATATTGTTCGTTGCCATAAATGTTGAACTTCA 
                             2041                                                      2100 
               pal_AF218454  ............................................................ 
      CaM01245_putative_pal  ACAAGTGTAATTATGGATAAAAGTCTTTTGCGATTTCGTGTATTCTTGACATCGAAGCTC 
      CaN08172_putative_pal  ACAAGTGTAATTATGGATAAAAGTCTTTTGCGATTTCGTGTA.................. 
                             2101            2111 
               pal_AF218454  ........... 
      CaM01245_putative_pal  TATGTTTATCC 
      CaN08172_putative_pal  ...........
57
pr1b
Name: PR1b_DQ335594              Len: 749  Check:  1310    Weight: 1.00 
Name: CaM32040_putative_PR1b  Len: 749  Check:  8987    Weight: 1.00 
Name: CaM37445_putative_PR1b  Len: 749  Check:  9918    Weight: 1.00 
// 
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         PR1b_DQ335594  ....CCACGCGTCCGATCT..AGCAAGCTAACCTATGCAATAAAATGGGGTTGTTCAAAT 
CaM32040_putative_PR1b  ATGGGGACATCAGCAATCTATAGCACGCTAACCTATGCAACAAAATGGGGTTGTTCAAAT 
CaM37445_putative_PR1b  ............................................................ 
                        61                                                      120 
         PR1b_DQ335594  TCGCTCTTGTTCTTTTGATAACCCTGGCTTCAAGTCCTTCCTTTCTAGCTCAGAACACGC 
CaM32040_putative_PR1b  TCTCTCTTGTTCTTTTGATAACCCTGGCTTCAAGTCCTTCCTTTCTAGCTCAGAACACGC 
CaM37445_putative_PR1b  ............................................................ 
                        121                                                      180 
         PR1b_DQ335594  AAAACGATTACCTGGACGCCCATAATGCAGCTCGTGCACAAGTAGGCGTCGGGGCGATGC 
CaM32040_putative_PR1b  AACAAGATTACGTGGACGCCCATAATGCAGCTCGTGCACAAGTAGGCGTCGGGCCGATGC 
CaM37445_putative_PR1b  ............................................................ 
                        181                                                      240 
         PR1b_DQ335594  ATTGGGATGAACAGGTTGCAGCCTATGCACGTGACTACGCTGCCAAAATCCAGAGGGCGA 
CaM32040_putative_PR1b  ATTGGGATGAACAGGTTGCAGCCTACGCACGTAACTACGCTGCCAAAATCCAGATGGCGA 
CaM37445_putative_PR1b  ............................................................ 
                        241                                                      300 
         PR1b_DQ335594  ACACATGCAATAATCTGGTGCATTCTGGAGGTCCTTATGGAGAAAACCTGGCAGCCGGCA 
CaM32040_putative_PR1b  ACACATGCAATAATCTGGTGCATTCTGGAGGTCGTTATGGAGAAAACCTGGCAGCCGGCA 
CaM37445_putative_PR1b  ............................................................ 
                        301                                                      360 
         PR1b_DQ335594  CAGGTGCCTTTAC.GGGCCG.ACAGGCGGTGAATTTGTGGGTTGGAGAGAAGAGCAACTA 
CaM32040_putative_PR1b  CAGGTGACTTTACCGGGCCGTACGGGCGGTGAATTTGTGGGTTGGAGAGAGGAGCAAATA 
CaM37445_putative_PR1b  ............................GTGAATTTGTGGGTTGGAGAGAAGAGCAACTA 
                        361                                                      420 
         PR1b_DQ335594  TAACTACCAAAGCAACTCATGCGTACGAGGGGTCTGCGGCCA.TTATACCCAGGTGGTTT 
CaM32040_putative_PR1b  TAACTACCAAACCAACTCATGCGTAGGAGGGGTCTGCGGCCAGTTATACCC......... 
CaM37445_putative_PR1b  TAACTACCAAAGCAACTCATGCGTACGAGGGGTCTGCGGCCA.TTATACCCAGGTGGTTT 
                        421                                                      480 
         PR1b_DQ335594  GGCGCAGTTCAGTCCGTCTAGGTTGCGCTAGGGTTCGTTGTAACAATGGATGGTGGTATG 
CaM32040_putative_PR1b  ............................................................ 
CaM37445_putative_PR1b  GGCGCAGTTCAGTCCGTCTAGGTTGCGCTAGGGTTCGTTGTAACAATGGATGGTGGTATG 
                        481                                                      540 
         PR1b_DQ335594  TGATTTGCAGTTATGCTCCCCGGGGCAATATTGGTGGACAGCGTCCATACTGAGCACTTT 
CaM32040_putative_PR1b  ............................................................ 
CaM37445_putative_PR1b  TRATWTGCAGTTATGMTCCCCGGGGCAATATTGGTGGACAGCGTCCATACTGAGCACTTT 
                        541                                                      600 
         PR1b_DQ335594  TCAGCTATGGTATTTCCACGGAAGAATTATTTAGATGATTGAATAAAGCTGGTAA.ATAT 
CaM32040_putative_PR1b  ............................................................ 
CaM37445_putative_PR1b  TCAGCTATGGTATTTCCACGGAAGAATTATTWAGATGATTGAATAAAGCTGGTAATATAT 
                        601                                                      660 
         PR1b_DQ335594  CTTATACAGAGGTACCAAGCTGATGAATAAATGTAATTTTATCCTTTTCTCTTCCTATTT 
CaM32040_putative_PR1b  ............................................................ 
CaM37445_putative_PR1b  CTTATACAGAGGTACCAAGCTGATGAATAAATGTAATTTTATCCTTTTCTCTTCCTATKT 
                        661                                                      720 
         PR1b_DQ335594  AAAACCAACATAATAAATTTAA...................................... 
CaM32040_putative_PR1b  ............................................................ 
CaM37445_putative_PR1b  AAAMCCAACATAAYAAATTTAAATAAGGTGTTGCGAATTAATTTGCAGAAGTTAATATTT 
                        721                              749 
         PR1b_DQ335594  ............................. 




Name: pr10_CF589103              Len: 957  Check:  7533    Weight: 1.00 
Name:    CaN01860_putative_pr10  Len: 957  Check:  21    Weight: 1.00 
Name: CaM54092_putative_pr10     Len: 957  Check:  4741    Weight: 1.00 
Name: CaM08558_putative_pr10     Len: 957  Check:  5425    Weight: 1.00 
Name:    CaM51798_putative_pr10  Len: 957  Check:  1124    Weight: 1.00 
Name:    CaM49873_putative_pr10  Len: 957  Check:  8827    Weight: 1.00 
// 
                           1                                                      60 
            pr10_CF589103  .......................CGCGGGGCACCACATAATTCTTTCAAGAACTACCAAA 
   CaN01860_putative_pr10  ................................CCACATAATTCTTTCAAGAACTACTAAA 
   CaM54092_putative_pr10  ...........................ATGGGGCACATAATTCTTTCAAGAACTACTAAA 
   CaM08558_putative_pr10  AAGCAGTGGTATCAACGCAGAGTACATGGGGACCACATAATTCTTTCAAGAACTACCAAA 
   CaM51798_putative_pr10  AAGCAGTGGTATCAACGCAGAGTACATGGG.ACCACATAATTCTTTCAAGAACTACTAAA 
   CaM49873_putative_pr10  ........................ATGGGGGACCACATAATTCTTTCAAGAACTACCAAA 
                           61                                                      120 
            pr10_CF589103  ACCTTCTTGAAATCCCTCTCTTTCCTTTTAGTTCATTTCCAAGAAACCAATTGAACCATC 
   CaN01860_putative_pr10  .CCTTCTTGAAATCCCTCTCTTTCCTT..AGTTCATTTCCAAGAAACAAATTGAACCATC 
   CaM54092_putative_pr10  ACCTTCTTGAAATCCCTCTCTTTCCTTTTAGTTCATTTCCAAGAAACAAATTGAACCATC 
   CaM08558_putative_pr10  ACCTTCTTGAAATCCCTCTCTTTCCTTTTAGTTCATTTCCAAGAAACCAATTGAACCATC 
   CaM51798_putative_pr10  ACCTTCTTGAAATCCCTCTCTTTCCTTTTAGTTCATTTCCAAGAAACAAATTGAACCATC 
   CaM49873_putative_pr10  ACCTTCTTGAAATCCCTCTCTTTCCTTTTAGTTCATTTCCAAGAAACCAATTGAACCATC 
                           121                                                      180 
            pr10_CF589103  ATGGCCCCTGTCACTTCCAGTTATGAGGTCACCTCCTCAATCCCTCCTGCAAGGTTGTTC 
   CaN01860_putative_pr10  ATGGCCCCTGTCACTTCCAGTTATGAGGTCACCTCCTCAATCCCTCCTGCAAGGTTGTTC 
   CaM54092_putative_pr10  ATGGCCCCTGTCACTTCCAGTTATGAGGTCACCCCCTCAATCCCTCCTGCAAGGTTGTTC 
   CaM08558_putative_pr10  ATGGCCCCTGTCACTTCCAGTTATGAGGTCACCTCCTCAATCCCTCCTGCAAGGTTGTTC 
   CaM51798_putative_pr10  ATGGCCCCTGTCACTTCCAGTTATGAGGTCACCTCCTCAATCCCTCCTGCAAGGTTGTTC 
   CaM49873_putative_pr10  ATGGCCCCTGTCACTTCCAGTTATGAGGTCACCTCCTCAATCCCTCCTGCAAGGTTGTTC 
                           181                                                      240 
            pr10_CF589103  AAGGCCACCATCCTTGAAGAGAAACATCTTCACAAGATCTTGCCACAGGGTGTTAAGAGT 
   CaN01860_putative_pr10  AAGGCCACCATCCTTGAAGAGAAGCATCTTCACAAGATCTTGCCACAGGGCGTTAAGAGT 
   CaM54092_putative_pr10  AAGGCCACCATCCTTGAAGAGAAGCATCTTCACAAGATCTTGCCACAGGGTGTTAAGAGT 
   CaM08558_putative_pr10  AAGGCCACCATCCTTGAAGAGAAACATCTTCACAAGATCTTGCCACAGGGTGTTAAGAGT 
   CaM51798_putative_pr10  AAGGCCACCATCCTTGAAGAGAAGCATCTTCACAAGATCTTGCCACAGGGCGTTAAGAGT 
   CaM49873_putative_pr10  AAGGCCACCATCCTTGAAGAGAAACATCTTCACAAGATCTTGCCACAGGGTGTTAAGAGT 
                           241                                                      300 
            pr10_CF589103  GTCGAAA.TCCTTGAAGGAGATGGTGGAGTTGGCACAATTAAGTTGACCACATTTGTTGA 
   CaN01860_putative_pr10  GTCGAAA.TCCTTGAAGGAGATGGTGGAGTTGGCACAATTAAGTTGACCACATTTCTTGA 
   CaM54092_putative_pr10  GTCGAAA.TCCTTGAAGGAGATGGTGGAGTTGGCACAATTAAGTTGACCACATTTGTTGA 
   CaM08558_putative_pr10  GTCGAAA.TCCTTGAAGGAGATGGTGGAGTTGGCACAATTAAGTTGACCACATTTGTTGA 
   CaM51798_putative_pr10  GTCGAAA.TCCTTGAAGGAGATGGTGGAGTTGGCACAATTAAGTTGACCACATTTCTTGA 
   CaM49873_putative_pr10  GTCGAAAATCCTTGAAGGAGATGGTGGAGTTGGCACAATTAAGTTGACCACATTTGTTGA 
                           301                                                      360 
            pr10_CF589103  TGGTGGCGAGCATAAGACTGCCAAGCAGAGAGTTGATGGAATTGACAAAGAAAAA.TTTA 
   CaN01860_putative_pr10  CGGTGGCGAGCATAAGACTGCCAAACAGAGAGTTGATGGAATTGACAAAGAAAAA.TTTA 
   CaM54092_putative_pr10  TGGTGGCGAGCATAAGACTGCCAAACAGAGAGTTGATGGAATTGACAAAGAAAAA.TTTA 
   CaM08558_putative_pr10  TGGTGGCGAGCATAAGACTGCCAAGCAGAGAGTTGATGGAATTGACAAAGAAAAA.TTTA 
   CaM51798_putative_pr10  CGGTGGCGAGCATAAGACTGCCAAACAGAGAGTTGATGGAATTGACAAAGAAAAA.TTTA 
   CaM49873_putative_pr10  TGGTGGCGAGCATAAGACTGCCAAGCAGAGAGTTGATGGAATTGACAAAGAAAAAATTTA 
                           361                                                      420 
            pr10_CF589103  CATACAGTTATACTGTA........................................... 
   CaN01860_putative_pr10  CATACAGTTATACTGTACTTGAAGCTGATGGATTTAACGATGTAATCGAGAAAATCTGTT 
   CaM54092_putative_pr10  CATACAGCTATACTGTACTTGAAGCTGATGGATTTAACGATGTAATCGAGAAAATCTGTT 
   CaM08558_putative_pr10  CATACAGTTATACTGTACTTGAAGCTGATGGATTTAACGATGTAATCGAGAAAATCTGTT 
   CaM51798_putative_pr10  CATACAGTTATACTGTACTTGAAGCTGATGGATTTAACGATGTAATCGAGAAAATCTGTT 
   CaM49873_putative_pr10  CATACAGTTATACTGTACTTGAAGCTGATGGATTTAACGATGTAATCGAGAAAATCTGTT 
                           421                                                      480 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  GTGTCATCAAATTTGAACCCTCTGCTGATGGAGGTTCAATCTGCAAAA.CCACTAACACA 
   CaM54092_putative_pr10  GTGTCATCAAATTTGAACCCTCTGCTGATGGAGGTTCAATCTGCAAAA.CCACTAACACA 
   CaM08558_putative_pr10  GTGTCATCAAATTTGAACCCTCTGCTGATGGAGGTTCAATCTGCAAAA.CCACTAACACA 
   CaM51798_putative_pr10  GTGTCATCAAATTTGAACCCTCTGCTGATGGAGGTTCAATCTGCAAAA.CCACTAACACA 
   CaM49873_putative_pr10  GTGTCATCAAATTTGAACCCTCTGCTGATGGAGGTTCAATCTGCAAAAACCACTAACACA 
                           481                                                      540 
            pr10_CF589103  ............................................................ 
59
   CaN01860_putative_pr10  TACTACCCCAAAG.GTGGTGCTCAGATCGGTGAGGAACACCTCAAGGGAGGAAAAGAGAT 
   CaM54092_putative_pr10  TACTACCCCAAAG.GTGGTGCTCAGATCGGTGAGGAACACCTCAAGGGAGGAAAAGAGAT 
   CaM08558_putative_pr10  TACCACCCCAAAA.GTGGTGCTCAGATCGGTGAGGAACACCTCAAGGGAGGAAAAGAGAT 
   CaM51798_putative_pr10  TACTACCCCAAAG.GTGGTGCTCAGATCAGTGAGGAACACCTCAAGGGAGGAAAAGAGAT 
   CaM49873_putative_pr10  TACCACCCCAAAAAGTGGTGCTCAGATCGGTGAGGAACACCTCAAGGGAGGAAAAGAGAT 
                           541                                                      600 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  GGGTTTGGGAATGGTTAAGGCTGTTGAGGCT.TACCTCCACGCAAATCCTACTGCCTACA 
   CaM54092_putative_pr10  GGGTTTGGGAATGGTTAAGGCTGTTGAGGCT.TACCTCCATGCAAATCCTACTGCCTACA 
   CaM08558_putative_pr10  GGGTTTGGGAATGGTTAAGGCTGTTGAGGCT.TACCTCCACGCAAATCCTACTGCCTACA 
   CaM51798_putative_pr10  GGGTTTGGGAATGGTTAAGGCTGTTGAGGCTATACCTCCATGCAAATCCTACTGCCTAC. 
   CaM49873_putative_pr10  GG.TTTGGGAATGGTTAAGGCTGTTGAGGCT.TACCTCCACGCAAATCCTACTGCCTACA 
                           601                                                      660 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  ACTAATTATAATGAATGCTACTGAAGGACTCTTCGACATATTTTCTTCAAGATTGAAGT. 
   CaM54092_putative_pr10  ACTAATTATAATGAATGCTACTGAAGGACTCTTCGACATATTTTCTTCAAGATTGAAGTA 
   CaM08558_putative_pr10  ACTAATTATAATGAATGCTACTGAAGGACTCTTCGACATATTTTCTTCAAGATTGAAGTA 
   CaM51798_putative_pr10  ............................................................ 
   CaM49873_putative_pr10  ACTAATTATA..........TT.........A...........TCTTCGAGATTGAAGTA 
                           661                                                      720 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  ..TAAACTGAGGGTGTCTGTTTCCTTTTTTGCTTGGTTTGCTTTAAGCTGTTTGGTTGAG 
   CaM54092_putative_pr10  ..CACACTGAGGGTGT............................................ 
   CaM08558_putative_pr10  ..CACACTGAGGGTGT..GTTTCCTTTTTTGCTTGGTTTGCTTTAAGCTGTTTGGTTAAG 
   CaM51798_putative_pr10  ............................................................ 
   CaM49873_putative_pr10  CACACACTGAGGGTGTCTGTTTCCWTKKK.GCTTGGTTTGCTTTAAGCTGTTTGTTTAAG 
                           721                                                      780 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  TTATTTGCAGCTATGA.TCATAATAT..TTGATCGAAGTGTGCT.TTTCTTG.CAACCTT 
   CaM54092_putative_pr10  ............................................................ 
   CaM08558_putative_pr10  TTAAAAACAAAATTGAATCATAGAGAGAACAAAAAAAATATAGTGTTTCTTATGGAGAAA 
   CaM51798_putative_pr10  ............................................................ 
   CaM49873_putative_pr10  TTATTTGCAACTATGA.TCATATAAT..ATGATCGAAGTGTGCT.TTTCTTKGTAACCTT 
                           781                                                      840 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  TGT.ATCGTTACAAGGAATAAAAT.CTTGTTTGGAGCTTTTACTTTGTTGTTTGCAATGA 
   CaM54092_putative_pr10  ............................................................ 
   CaM08558_putative_pr10  AAAAATGGAGCTGATGCCTAAAAT.CTCACATGGATCCAACTCAGT.CCATTTAATGGAG 
   CaM51798_putative_pr10  ............................................................ 
   CaM49873_putative_pr10  TGTTATCATTACAAGGAATAAAATACTTGTATGGAGCTTTTACTTT..KSYTTACTAAAA 
 
                           841                                                      900 
            pr10_CF589103  ............................................................ 
   CaN01860_putative_pr10  AATAAACTATTTTGGGTTCAATTTCATATAGAGTGAATCAGCGCCTCGTTTGGACA.... 
   CaM54092_putative_pr10  ............................................................ 
   CaM08558_putative_pr10  AAAAGGCAAATAACACAACAAGAATATGCTCAAAGTTGGAAAAATGTGCTATAATTATGA 
   CaM51798_putative_pr10  ............................................................ 
   CaM49873_putative_pr10  AAAAAACAAAAAAAAAACAAAAAAAACGTAAAACTC.TCGTCG................. 
                           901                                                          957 
            pr10_CF589103  ......................................................... 
   CaN01860_putative_pr10  ......................................................... 
   CaM54092_putative_pr10  ......................................................... 
   CaM08558_putative_pr10  TTACTCCTTTATGAAATAAAGCTGAAAGCAGCTCAATTTTCTTTTTGTTTTCHAYMT 
   CaM51798_putative_pr10  ......................................................... 
   CaM49873_putative_pr10  ......................................................... 
60
ubiquitin
Name: ubi_AF297089                 Len: 844  Check:  6122    Weight: 1.00 
Name: CaM03160_putative_ubi        Len: 844  Check:  8928    Weight: 1.00 
Name:    CaM31094_putative_ubi     Len: 844  Check:  4933    Weight: 1.00 
Name:       CaN07791_putative_ubi  Len: 844  Check:  3895    Weight: 1.00 
// 
                             1                                                      60 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  AAGCAGTGGTATCAACGCAGAGTACATGGGGAGAGCAGCGTTAGCGTAATTTTGCTGCTA 
      CaM31094_putative_ubi  ...................................ATGGGGGAGCGTAATTTTGCTGCTA 
      CaN07791_putative_ubi  ..............................GAGAGCAGCGTTAGCGTAATTTTGCTGCTA 
                             61                                                      120 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  TCAAATTCAAATTCCAAACAGAGGAGAAGAGGAGAAGAGAAGACAAAGGGACAGAGCATC 
      CaM31094_putative_ubi  TCAAATTCAAATTC.AAACAGAGAAGAAGAGGAGAAGAGAAGACAAAGGGACAGAGCATC 
      CaN07791_putative_ubi  TCAAATTCAAATTCCAAACAGAGGAGAAGAGGAGAAGAGAAGACAAAGGGACAGAGCATC 
                             121                                                      180 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  CACCACAAGAACAACATCATCATCATCGATCATGCAGATCTTCGTGAAAACCCTAACCGG 
      CaM31094_putative_ubi  CACCACAAGAACAACATCATCATCATCGATCATGCAGATCTTTGTGAAAACCCTAACCGG 
      CaN07791_putative_ubi  CACCACAAGAACAACATCATCATCATCGATCATGCAGATCTTCGTGAAAACCCTAACCGG 
                             181                                                      240 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  GAAAACCATCACCCTCGAAGTTGAAAGCAGCGACACCATAGACAATGTGAAGGCCAAGAT 
      CaM31094_putative_ubi  GAAAACCATCACCCTCGAAGTTGAGAGCAGCGACACCATAGACAATGTCAAGGCCAAGAT 
      CaN07791_putative_ubi  GAAAACCATCACCCTCGAAGTTGAAAGCAGCGACACCATAGACAATGTGAAGGCCAAGAT 
                             241                                                      300 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  TCAGGACAAAGAAGGTATTCCACCTGACCAGCAGAGACTGATATTTGCTGGCAAGCAGTT 
      CaM31094_putative_ubi  TCAGGACAAAGAAGGTATTCCACCTGACCAGCAGAGACTGATATTTGCTGGCAAGCAGTT 
      CaN07791_putative_ubi  TCAGGACAAAGAAGGTATTCCACCTGACCAGCAGAGACTGATATTTGCTGGCAAGCAGTT 
                             301                                                      360 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  GGAAGATGGCCGTACTTTGGCTGATTACAATATCCAGAAAGAATCAACACTTCATTTGGT 
      CaM31094_putative_ubi  GGAAGATGGCCGTACTTTGGCTGATTACAATATTCAGAAAGAATCAACACTTCATTTGGT 
      CaN07791_putative_ubi  GGAAGATGGCCGTACTTTGGCTGATTACAATATCCAGAAAGAATCAACACTTCATTTGGT 
                             361                                                      420 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  TTTGAGACTAAGAGGAGGAACAATGATCAAGGTCAAGACTCTTACTGGAAAGGAAATTGA 
      CaM31094_putative_ubi  TTTGAGACTAAGAGGAGGAACAATGATCAAGGTCAAGACTCTTACTGGAAAGGAAATTGA 
      CaN07791_putative_ubi  TTTGAGACTAAGAGGAGGAACAATGATCAAGGTCAAGACTCTTACTGGAAAGGAAATTGA 
                             421                                                      480 
               ubi_AF297089  .......................................GAAACGGGTGGAGGAGAAAGA 
      CaM03160_putative_ubi  AATTGACATTGAACCAACAGATACAATTGATCGGATCAAGGAACGGGTGGAGGAGAAAGA 
      CaM31094_putative_ubi  AATTGACATTGAACCAACAGATACAATTGATCGGATCAAGGA.CGGGTGGAGGAGAAAGA 
      CaN07791_putative_ubi  AATTGACATTGAACCAACAGATACAATTGATCGGATCAAGGAACGGGTGGAGGAGAAAGA 
                             481                                                      540 
               ubi_AF297089  AGGAATTCCCCCTGTGCAGCAAAGGCTCATCTATGCTGGCAAGCAGCTTGGGGATGACAA 
      CaM03160_putative_ubi  AGGAATTCCCCCTGTGCAGCAAAGGCTCATCTATGCTGGCAAGCAGCTTGGGGATGACAA 
      CaM31094_putative_ubi  AGGAATTCCCCCTGTGCAGCAAAGGCTCATCTATGCTGGCAAGCAGCTTGGGGATGACAA 
      CaN07791_putative_ubi  AGGAATTCCCCCTGTGCAGCAAAGGCTCATCTATGCTGGCAAGCAGCTTGGGGATGACAA 
                             541                                                      600 
               ubi_AF297089  AACTGCTAAAGACTACAACATTGAGGGTGGTTCTGTTCTTCATCTTGTTCTTGCTCTGAG 
      CaM03160_putative_ubi  AACTGCTAAAGACTACAACATTGAGGGTGGTTCTGTTCTTCATCTTGTTCTTGCTCTGAG 
      CaM31094_putative_ubi  AACTGCTAAAGACTACAACATTGAGGGTGGTTCTGTTCTTCATCTTGTTCTTGCTCTGAG 
      CaN07791_putative_ubi  AACTGCTAAAGACTACAACATTGAGGGTGGTTCTGTTCTTCATCTTGTTCTTGCTCTGAG 
                             601                                                      660 
               ubi_AF297089  AGGTGG.AGGTTGTTAGGTCTTAGTTGGTTTTCTGCAAATTTACTTGTCCAACCTTTATA 
      CaM03160_putative_ubi  AGGTGG.AGGTTGTTAGGTCTTAGCTGGTTTTCTGCAAATTTACTTGTCCAACCTCTATA 
      CaM31094_putative_ubi  AGGTGGTAGGTTGTTAGGTCTTAGYTGGTTTTCTGCAAATTTACTTGTCCAACCTTTATA 
      CaN07791_putative_ubi  AGGTGG.AGGTTGTTAGGTCTTAGTTGGTTTTCTGCAAATTTACTTGTCCAACCTTTATA 
                             661                                                      720 
               ubi_AF297089  CTTTGGGAATATGCTCTTGTAGAACTATGAGTTTGAGGTGCACTTGCAGCAAAAATGAAG 
61
      CaM03160_putative_ubi  CTTTGGGAATATGCTCTTGTAGAACTATGAGCTTGAGGTGTACTTGCAGCAAAAATGAAG 
      CaM31094_putative_ubi  CTTTGGGAATATGCTCTTGTAGAACTATGAGTTTGAGGTGCACTTGCAGCAAAAATGAAG 
      CaN07791_putative_ubi  CTTTGGGAATATGCTCTTGTAA...TATGAGCTTGAGGTGTACTTGCAGCAAAAATGAAG 
                             721                                                      780 
               ubi_AF297089  AAATTTATTTTTGAGATGCTAAATAGTGGCTTTACATGGCGAAAAAAAAAAAAA...... 
      CaM03160_putative_ubi  AAATTTGTTTTTGAGATGCTAAATAGTAGCTTTACATAGCATCTGGTAATTATATCTCTC 
      CaM31094_putative_ubi  AAATTTATTTT.GAGATGCTAAAAAAATAAAAAAAAAAAAAANAAAAAAAAAAGTAACTC 
      CaN07791_putative_ubi  AAATTTGTTTTTGAGATGCTAAATAGTAGCTTTACATAGCATCTGGTAATTATATCTCTC 
                             781                                                      840 
               ubi_AF297089  ............................................................ 
      CaM03160_putative_ubi  GCTTTGTATGTTGGATGCTGTGCTATCTTTTCCTAAGGCATGATCTAGTTTTTTTCTTAA 
      CaM31094_putative_ubi  TAGCGTTGATACCACTGCTT........................................ 
      CaN07791_putative_ubi  GCTTTGTATGTTGGATGCTGTGCTATCTTTTCCTAAGGCATGATCTAGTTTTTT...... 
                             841       844 
               ubi_AF297089  .... 
      CaM03160_putative_ubi  CTYG 
      CaM31094_putative_ubi  .... 
      CaN07791_putative_ubi  ....
62
wrky1
Name: CaM32383_putative_wrky1  Len: 1809  Check:  6386    Weight: 1.00 
Name: WRKY1_CO773974           Len: 1809  Check:  6735    Weight: 1.00 
// 
                         1                                                      60 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  TCCGGCCGCCGAGTTTTTGGCCAATCAGAACCGCCGGGAAGACTCGCACGCTGCTGCTTC 
                         61                                                      120 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  GTCCGATGGTGAGAAGAGGGTTGTTGTTGGCGAAGTTGACTTCTTTTCGGACAAGAAGAA 
                         121                                                      180 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  GGCTAATGATATCCTGATCAAGAAAGAAGATTGTCATGGTGAAGACAAGATGAAGACTAA 
                         181                                                      240 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  CATGGACGTTGTAAATACGGGCCTCCAACTTGTTATCGCGAACACTGGAAGTGATCAATC 
                         241                                                      300 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  CACGGTGGATGATGGAGTTTCATCAGATATTGAAGATAAAAGGGCTAAGCTTGAGCTGGC 
                         301                                                      360 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  TCAGCTTCAAGTGGAGCTTGAAGGAATGAATGCTGAAAATCGAAGGTTGAGAGAGATGCT 
 
                         361                                                      420 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  AAGTCAGGTTAGCAACAATTACACTGCCCTGCAAATGCACCTCATGACATTGACGCACCA 
                         421                                                      480 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  GCAACAACAGAATGCCAAACCCCAAACCACACAAGACCATGAGATTGGAGAAAGGAAATC 
                         481                                                      540 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  TGAAGAAAATAAACCTGAAAATGGAGGAGTTGTAGTTCCAAGACAATTCTTGGACTTAGG 
                         541                                                      600 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  CCCTAGTGGCACAGCCGAGATGGACGAGCCAACCAATTCTTCGTCTGAGGAGAGAACCCT 
                         601                                                      660 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  TTCCGGATCACCCCACAATAATATGGAACTGTCTAGGAATAAAGGAGTTGGTAGGGAAGA 
                         661                                                      720 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  AAGCCCCGAGTCACAAGGCTGGGCTCCCAACAAAGTTGCCAAACTAAACGCATCATCGAA 
                         721                                                      780 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  GACTGTTGATCATGCTCAAGCCGAAGCTACCATGAGGAAAGCTCGTGTTTCTGTTCGAGC 
                         781                                                      840 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  CCGATCAGAAGCTCCCATGATTACTGATGGATGCCAATGGCGAAAATATGGACAAAAGAT 
                         841                                                      900 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  GGCCAAAGGAAATCCGTGTCCGCGTGCTTACTACCGGTGCACCATGGCTGTTGGTTGTCC 
                         901                                                      960 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  AGTGCGCAAACAGGTTCAGAGGTGTGCTGAGGACCGAACTGTCCTAATAACAACATACGA 
                         961                                                      1020 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  AGGTACTCACAACCATCCGCTTCCTCCGGCCGCCATGGCGATGGCTTCGACGACGTCTGC 
                         1021                                                      1080 
CaM32383_putative_wrky1  ............................................................ 
63
         WRKY1_CO773974  AGCCGCGAATATGCTACTTTCGGGCTCCATGTCAAGTGCCGATGGACTGATGAATCCCAA 
                         1081                                                      1140 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  CTTTCTAGCAAGAACCATTCTACCTTGCTCATCTAACATGGCAACAATTTCAGCCTCGGC 
                         1141                                                      1200 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  TCCATTTCCAACAGTCACACTAGACCTTACTCAAACTCCAAATCCATTACAATTCCAAAG 
                         1201                                                      1260 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  ACAACCCTCCACCCCATTTCAGCTTCCTTTTGGAACCCCTCCCCAGAACTTTCCTCCGGT 
                         1261                                                      1320 
CaM32383_putative_wrky1  ............................................................ 
         WRKY1_CO773974  GGCTAACCCACAAATGCATCAGGTTTTTGGCCAAGCATTGTACAATCAATCGAAGTTTTC 
                         1321                                                      1380 
CaM32383_putative_wrky1  ............................................CACAAATGCAAAACCA 
         WRKY1_CO773974  TGGTCTCCAAGTGTCCCAGGACATTGAAGCTGCAGGAGCAGCAGCACAAATGCAAAACCA 
                         1381                                                      1440 
CaM32383_putative_wrky1  AGGGCAACATCCACAGGTGCAACAAGGACAGCACCACCCATCATWYGSKGACACGCTTAG 
         WRKY1_CO773974  AGGGCAACATCCACAGGTGCAACAAGGACAGCACCACCCATCATTCGCTGACACGCTTAG 
                         1441                                                      1500 
CaM32383_putative_wrky1  CGCTGCCACGGCCGCGATCACRGCTGATCCCAACTTCACCGCGGCCCTTGCAGCTGCTAT 
         WRKY1_CO773974  CGCTGCCACGGCCGCGATCACAGCTGATCCCAACTTCACCGCGGCCCTTGCAGCTGCTAT 
                         1501                                                      1560 
CaM32383_putative_wrky1  CAGTTCTATCATTGGTGGTTCTCATCCCAGCAGCAGCAACAATAGTAATCCAACCACATC 
         WRKY1_CO773974  CAGTTCTATCATTGGTGGTTCTCATCCCAGCAGCAGCAACAATAGTAATCCAACCACATC 
                         1561                                                      1620 
CaM32383_putative_wrky1  AACACCGCCAACTGCCAATTTTCCTGGGAATTAATTTCAAGAGGCTTCCATTTTCTTGCT 
         WRKY1_CO773974  AACACCGCCAACTGCCAATTTTCCTGGGAATTAATTTCAAGAG.CTTCCATTTTCTTGCT 
                         1621                                                      1680 
CaM32383_putative_wrky1  TTTTTTT.GTGGAGATATTTAATGTTAATTAATTTTGTCTAATCTTTCTTGTTCCTTTTT 
         WRKY1_CO773974  TTTTTTTTGTGGAGATATTTGATGTTAATTAATTTTGTCTAATCTTTCTTTTTCCTTTTT 
                         1681                                                      1740 
CaM32383_putative_wrky1  CCCTCACATGTATTTTGGTCTGAACATAGTTAACATGTTCATATTTTTTAGTTTTTTAGG 
         WRKY1_CO773974  CCCTCACATGTATTTTGG.CTGAACATAGTTAACATGTTCA................... 
 
                         1741                                                      1800 
CaM32383_putative_wrky1  TTCCGGGTCCTGCAGAGGAAAATGTTGGAACATATTAAAAAAAAATTTCTTCATTTCGTT 
         WRKY1_CO773974  ............................................................ 
                         1801          1809 
CaM32383_putative_wrky1  TTTTTGACC 
         WRKY1_CO773974  .........
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